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Attention, Dear Authors!

The Obshchaya Reanimatologiya (General Reanimatology) journal announced a contest for the
best paper presented in Russian/English in the following nominations:

— original scientific paper (a report on the results of a logically completed study; about 40 thou-
sand characters; 58 illustrations (figures and /or tables), 25—40 references;

— review (critical discussion of the research topic; 10 and more pages; font: Times New Roman,
12; interval 1.5; at least five (or more) illustrations (figures and /or tables); 80 or more references;

— clinical observation (a report on the results of a logically completed clinical observation; no
more than 5 pages; font: Times New Roman, 12; interval 1.5; no more than 3 illustrations (figures and /or
tables), 1520 references.

Deadline for submission: July 1 — December 25 2018.

Stages of the paper assessment:

1. Assessment of the originality, relevance, scope and level of execution of the study, as well as
the significance and quality of presentation at least by three external reviewers.

2. Evaluation of the compliance with the journal policy by the Editorial Board members.

3. 2-year paper citation (Russian Science Citation Index, SCOPUS, WoS).

Names of the winners based on stages T and IT of the paper evaluation, as well as the procedure of
payment of awards will be published in Obshchaya Reanimatologiya No. 6,2019

Awards for the winners based on stages I and II of the paper evaluation

35 000 roubles in the «Original Scientific Paper> nomination

25000 roubles in the «Review» nomination

15 000 roubles in the «Clinical Observation» nomination

The winners of the contest based on stage III of the paper evaluation will be announced in an
issue published 2 years after the date of publication of all papers accepted during the contest. Bonus for
the winners: an invitation to publish papers in the Obshchaya Reanimatologiya (General Reanimatology)
journal with a free translation of the manuscript into English /Russian.

For more details, please, write: journal or@mail.ru

Buumanue, YBakaeMble ABTOPBI!

Kypuan «O61mas peaHuMaToN0rus1» 00bABUI KOHKYPC HA JIyUIITyI0 paboTy, IPeCTaBIeHHYIO Ha
PYCCKOM U aHTJIMHCKOM 43bIKax B (hopMaTax:

— OpUIrHHAJbHAs HayyHas craTbd (IIpe/iCTaBJIeHME Pe3YJbTaTOB JIOTMYECKH 3aBEPIIEHHOTO
nccsesoBanus, 0KoJo 40 Thic. 3HaKOB, 5—8 wiutocTpauuil (PUCYHKOB 1/win TabauIr), 25—40 cChLIOK;

—  0030p (kpuTHYecKoe 0600IIeHNE HCCIEI0BATEIbCKOI TeMBL, 0T 10 cTpaHuIl MAIIXHOIIKCHOTO
tekcra mpudrom Times New Roman 12, ¢ uarepsaiom 1,5, o1 5 niumoctpaiuii (PUCYHKOB 1/UIK Tad-
smir), ot 80 cchLIOK;

—  KJIMHHYECKOe HaOmoaeHue ([pe/cTaBIeHne Pe3yIbTaToB JOTUYECKU 3aBePIIEHHOr0 KINHY-
4yecKoro Habmogenus, e 6oJee 5 CTpaHUI] MAIIMHOINCHOTO TekeTa mpudrtom Times New Roman 12, ¢
unrepBasiom 1,5, He 6osee 3-x mimocTpauii (pUcyHKoB u/uau tabiuir), 15—-20 ccpliok.

Cpoxku mogauu pykomucu: 01 wrosst — 25 gexabps 2018 r.

ITanml ONEHKH ITyOaUKAIHi:

1. Orlenka He MeHee 3-X BHENIHUX PEIEH3EHTOB 110 OPUTHHAILHOCTH, aKTyaIbHOCTH, MACIITa0y
1 YPOBHIO UCIIOJTHEHMS UCCJIEI0BAHNUS; COEPKATEIBHOCTH U KAUeCTBY M3JI0KEHUS.

2. OKclepTHas OlleHKA YJICHOB PEIKOJJIETUU TI0 COOTBETCTBUIO MTOJIUTUKE KypHATIA.

3. 2-ropmunoe nuTrposanue nybiukanuu (PUHIT, SCOPUS, WoS).

O6basnenne nobeaurenein Koukypea 1o I u II sTamam onenky myOauKannil, a TAKKe O MOPALKe
BBIILIATHI IpeMuii — B sKypHane «O0maa peanumaronorus» Ne 6, 2019

IIpemupoBanue nobeaureneii konkypca o I u Il sranam oueHku nmyoauKanuii

35 Thic. py6. — B hopMaTe «OpUrHHAIbHASA HAYYHAS CTAThSI>

25 ThIC. py6. — B hopMmare «0030p»

15 ThIC. py6. — B hopMaTe «KIMHUYECKOE HAOMIOeHUE>

Oo0bsaBaenue nodeaureneii konkypcea 1o III stany ouenku myGaMKanmMii — B TEKYILEM HOMEDE
JKypHAJIA [0 UCTEYEHUH 2-X JIeT ¢ MOMEHTa IMyGIMKaIiy Beex paboT, IPUHATHIX B KOHKYPC. Bomyc nobe-
AUTENIM — TpUranienue K mybaukanuu B xkypaase «O61as peaHuMarosiorust» ¢ 6ecriaTHbIM repe-
BOJIOM PYKOIIUCU HA aHTJIUUCKUN SA3DIK.

Bomnpocs! no nposesenuio kKoukypca: journal _or@mail.ru
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Quality of Life of Long-Term Hemodialysis Patients
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auacryto ucxogom XBII sBiisiercst pasBuTre TePMUHATIBHOI TIOYEUHOI HEAOCTATOUHOCTH, TPEOYIOIIEl poBe-
neHus nporpammHoro remoauanusa (11I). Yeemuenne npoo/KuTe IbHOCTH SKU3HY TTAIIMEHTOB, HAXO/SINXCS Ha
JUINTEJIbHOM JICHCHU HE COIIPAKEHO C ITOCTOAHHBIMU COMATUYECKUMU U TICUXUYECKUMI HanySKaMI/I JUIA ITalleHTa,
YTO MOKET HEraTHBHO BJINATDH Ha KadecTBO skusnu (KJK) 6ombHOr0 Tepmunaibioil craguein X BIT.

Ileapb uceenoBanus: onpeieieHne BAMAHIA Bo3pacTta 1 cTaxa auaiusa na KJK 6ompnbix tepmunansioil XBII,
Haxondmuxcs Ha jedennu [1T.

Marepuaist 1 metopl. O6cseoBamn 50 nanueHToB, nouydaomnmx jgederre [T (23 mysxunn n 27 KeHINH), B
Boapacte ot 31 1o 79 ser. Cpegumii Bospact coctasui 56,72+11,26 ner. nurenpnocts gederns 1T konebanach B
npezenax ot 1 mecsia o 20 sret, 9To B cpeHeM cocTaBuio 5,26+4,82 set. B rpyrimy koHTposst Brmounsn 50 3710-
POBBIX JIIO/IEH, COMOCTABUMBIX I10 01y 1 Bozpacty. Coop nanHbix 110 oterke KK ocyuiecTsisim mytem aHKeTUpO-
BaHUs 110 PYCCKOsI3bIuHOIT Bepcuu onpocauka SF-36 (Short Form Medical Outcomes Study), BaiuausupoBanHoit
«MHCeTuTyTOM KIMHUKO-(hapMakosoruueckux uccieposatuii» (Cankr-IlerepOypr) 1 aHanusa ucTopuii 601e3HuU.

Pesyabratel. B cdepe dhusnueckoro 3m0poBbs BoisiBrin cHikenne KK nmanuenTos, naxoasguuxcst Ha 1T o
cremytonum mkagam: PF-busndeckoro dyuxnmonuposanus (54,1+25,6 mporus 85,0£21,4), RP-poseBoro dhyHk-
[IMOHUPOBaHUsI, 00yCJI0BIeHHOE (hrsruecKuM cocTosiHreM (38,5+35,4 nporus 74,5+29,7), P-unrteHcusHocTr 6011
(64,7£32,1 nporus 70,5+24,8), GH-0611ero cocrostune 310posbs (51,3£15,9 mporus 65,1+21,7). TeHAEHIINIO K MEXK-
IPYIIIIOBBIM PA3JUUUAM TakKe OOHAPYKUJIW [0 IKajdaM skuaHeHHoU akrusHoctu (VT) (53,7£19,5 nporus
61,0+19,4), cortmanbroro dyuxnuonnposanust (SF) (72,5£18,0 mporus 79,5+23,5). 1o pesyasratamM MHOKECTBEH-
HOTO PErPeCCUOHHOIO AHAJIN3a BbISIBUJIA OOPATHYIO 3aBUCUMOCTH MEXKY MOKazaTesaeM (GU3MIecKOro KOMIIOHEHTa
3moposbst (PH) u Bozpactom marmentos (r,=-0,317, p<0,05).

3akmouenue. Y 6oabHBIX, Haxoasdumxcs Ha [T, B Haubosbiel crenenn cTpagaeT PU3ndecKnii KOMIOHEHT 3/0-
POBbsI, a UMEHHO: (huzrueckoe HYHKIIMOHUPOBAHUE, POJIEBAs A€ TEIBHOCTD, 00y CI0BICHHAsE (PU3UUECKUM COCTOSI-
HUEM, HHTEHCUBHOCTD G0JIK 1 0011ee COCTOSIHUE 3710POBbsL. TeHAEHIMSI K CTATUCTHYECKUM PA3JIUUMSIM OTMEYAEeTCst
IO MIKAJIaM KU3HEHHO aKTUBHOCTU U COIUAJIBHOTO (DYyHKIIMOHUPOBAHUS IICUXOJIOTHYECKOTO KOMIIOHEHTA 3/[0POBbSI.
YBesmueHue BO3pacTa U CTaxa JInajin3a OTPUIATEIbHO BIUSIOT HA (DU3NYeCKUil U He BJIUSIOT Ha TICUXO0JIOTNYeCKUii
KOMITOHEHTBI 3/I0POBbSI.

Kantouesvte crosa: npozpammivlil 2eMo0UANU3; KAUeCMEO Jcustu; onpocuk SF-36

The outcome of chronic kidney disease (CKD) is frequently development of end-stage kidney failure that requires
program hemodialysis (PHD). Increase of the longevity of long-term PHD patients is associated with continuous
somatic and psychic stress for the patient, which might adversely affect the quality of life (QoL) of an end-stage
CKD patient.

Purpose: to determine the influence of age and dialysis duration on the QoL of end-stage CKD patients receiving
PHD.

Anpecc 1151 KOpPeCIOH/IeHIUH: Correspondence to:
Cgerstana Hukosnaesna CopokoymoBa Svetlana N. Sorokoumova
E-mail: 4013@bk.ru E-mail: 4013@bk.ru
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Materials and methods. 50 patients receiving PHD (23 men and 27 women), aged 31 to 79 years, were examined.
The mean age was 56.72+11.26 years. The PHD duration ranged between 1 month to 20 years, the average figure
being 5.26+4.82 years. The control group included 50 healthy subjects of comparable gender and age. The QoL eval-
uation data were gathered through survey using the Russian version of SF-36 Questionnaire (Short Form Medical
Outcomes Study), validated by the Institute of Clinical and Pharmacological Studies (Saint Petersburg) and analysis
of case records.

Results. As regards the scales of physical health, a decrease of the QoL of PHD patients was found as follows:
PF-physical functioning (54.1+25.6 vs. 85.0£21.4), RP-role functioning related to physical condition (38.5+35.4
vs. 74.5+29.7), P- bodily pain (64.7£32.1 vs. 70.5£24.8), GH-general health condition (51.3%15.9 vs. 65.1£21.7). A
trend towards inter-group difference was also discovered as regards the scales of vitality (VT) (53.7£19.5 vs.
61.0£19.4), social functioning (SF) (72.5+18.0 vs. 79.5£23.5). Multiple regression analysis established inverse re-
lationship between the patient’s physical health component (PH) and age (,=-0.317, P<0.05).

Conclusion. In PHD patients, the physical health component is the one that suffers most of all, namely: physical
functioning, role functioning related to physical condition, pain intensity, and general health condition. The tendency
to statistic differences is observed for the scales of vitality and social functioning of the mental health component.
Increase of the age and dialysis duration affect adversely the physical health whereas render no influence on the

mental health.

Keywords: program hemodialysis; quality of life; SF-36 Questionnaire
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BBenenne

PacnpocTpaHeHHOCTh XPOHUYECKOU 0OOoJIe3HU
nmouek (XBII) Bo Bcem Mupe comocTaBrMa ¢ TAaKUMU
COIMAJIBHO 3HAYMMbIMK 3a00JI€BaHUSMU KaK IHIIEP-
ToHnyeckas Gosesnb, IBC, caxapubiii guaber, 0xu-
penue, MeTabOJIMYeCKUil CUHPOM ¥ COCTABJISET, 110
JMAHHBIM Pas3JnIHbIX UCTOUYHUKOB, 10-20% [1, 2], u
MIPOTPECCUBHO YBEJIUUNBAETCS, IOCTUTAs, TT0 MHEHUTO
HEKOTOPBIX YYEeHBIX, XapakrTepa mangemMun [3, 4].
3auvactyio XBII Ha paHHUX cTaugax AJIUTENTHHO TTPO-
TeKaeT 6ECCUMITOMHO U HArHOCTUPYETCs yiKe Ha
ararile pa3BUTHS HedpockIepo3a W YPTeHTHOTO
COCTOSTHUS, TEPMUHAJIBHON MTOYEUHON HEOCTATOUHO-
cTH, TpebYIoIeil TPOBEIEHNUST 3aMeCTUTEIBHOM TToUey-
noit reparuu (311T) [5, 6].

[To nannbv Peructpa Poccniickoro quaamnsnoro
obmectsa, Ha 31.12.2015 1. B Hawell crpane 44136
GOJIBHBIX TepMHUHaIbHOI cTagun XBII nmoyyaror pas-
guunable BUABL 3IIT (mporpammHuBINT remMoanaIn3
(IIT), nepurtoneansubiii auanus (I1/1) nmm nmeror
TPaHCIIAHTUPOBAHHYTO TTOUKY). IIpu atom Konmye-
ctBO obecnevennbix 31T maiuenTos, B iepecyere Ha
1 MuTH. HaceneHus, B cpefHeM 1o Poccum coctaBiseT
301,2 6osbh. /Mmn. B nacrosumii moment IIT aBiser-
ca pomuHUpytommM MetooM 31IT mammenTos Tep-
muHanbHOH ctagueit XBIT (75,6% ot unciia mosyvaio-
mux 31IT). Ocrampubie momyyaior 1171 (5,3%) wim
UMeroT (hyHKIMOHUPYIOIIMIA TOYEYHBIIA TPAHCIIAHTAT
(19,1%) |7, 8].

C oHOIi CTOPOHBI, HEOOXOAUMO OTMETHUTD Oec-
CIIOPHOE TTO3UTUBHOE 3HAUEHNE /IJIST 37IPABOOXPAHEHIS
[IT xax MeTo/a KCTPAKOPIOPATHHON TETOKCUKAIIIH,
KOTOPBIN TIO3BOJIMJT YBEJNYUTH TTPOIOJKUTETBHOCTD
JKU3HY OOJIBHBIX B cpefHeM Ha necstunerne. C mpyroit
CTOPOHBI, yBeJIMUYEHUE TPOAOKUTENTBHOCTH >KU3HU
TAIIEHTOB, HAXOISANINXCS Ha JTUTeTbHOM JeueHun 1T,
COTIPSIKEHO C TIOCTOSTHHBIMU JTOTIOJTHUTETLHBIME COMa-
TUYECKUMY 1 ICUXUYECKIMU HATPY3KaMU JIJIST TTATeH-

Introduction

The worldwide prevalence of chronic kidney dis-
ease (CKD) is comparable to such socially important
diseases as hypertension, IHD, diabetes mellitus, obe-
sity, metabolic syndrome and, according to various
sources, amounts to 10-20% [1, 2], progressively in-
creasing and, as some scientists think, reaching pan-
demic nature [3, 4]. At early stages CKD often has an
asymptomatic course, being diagnosed only at the
stage of nephrosclerosis and urgent condition, end-
stage kidney failure requiring substitutive renal ther-
apy (SRT) [5, 6].

According to the Russian Dialysis Society Reg-
ister, as of 31.12.2015, in this country 44136 end-stage
CKD patients receive different types of SRT (program
hemodialysis (PHD), peritoneal dialysis (PD), or
have a transplanted kidney). In Russia, the number of
patients provided with SRT in terms of 1 million peo-
ple equals to 301.2 patients/million. PHD is currently
the predominant method of SRT in end-stage CKD
patients (75.6% of those who receive SRT). The rest
receive PD (5.3%) or have a functioning renal trans-
plant (19.1%) [7, 8].

On the one hand, it is necessary to note the ob-
vious positive importance of PHD for healthcare as a
method of extracorporeal detoxication that has al-
lowed increasing the patient’s life by ten years on av-
erage. On the other hand, increase of the life of
patients experiencing long-term PHD is associated
with continuous additional somatic and psychic stress
for the patient, which can affect adversely the quality
of life (QoL) of an end-stage CKD patient [9, 10].

The contemporary concept of medical care de-
mands not only to restore the biological function of
the body, but to bring patient’s mental and social func-
tioning to norm as well. In this connection, in the con-
temporary medical literature, term ‘health-related
QoL is used, which allows differentiated evaluation of

GENERAL REANIMATOLOGY, 2019, 15; 2
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Ta, YTO MO’KET HETATUBHO BJUATH HA KAYECTBO JKU3HU
(KK) 6ombHOTO TepMuHaibHoii craaueit XBIT [9, 10].

CoBpemeHnHast KOHIETIUI OKa3aHUs MeJINIINH-
CKOIT oMoIu TpebyeT He TOJIBKO BOCCTAHOBJICHMSI
Guosornveckoii GyHKIUM Opranuama, Ho U HOPMaJiu-
3aIMI0 €T0 TICUXOJOTHYECKOTO U COITMAIbHOTO (PYHK-
IUOHUPOBaHUsA. B 3T0il cBSI3U B COBpeMEHHON Me/lN-
IIMHCKOI JIUTepaType ucromabayercs nousarue «KiK,
06yCJIOBJIEHHOE 3/I0POBbEM», KOTOPOE TO3BOJISIET
nuddepeHIMpPOBaAHHO OMPEEIIATh BAMSHIE GOTE3HY
(B manHoM ciydae, TepMuHasgbHoOM ctagun XbBIl) u
sneyenus (peryssgpusie npotenypst [J]) na dusuye-
CKOe, TICUX0JIOTHYECKOe, AMOIIMOHAIBbHOE COCTOSTHHIE
GOJILHOTO M €ro ColMaibHblii craryc. Kpome Toro,
ornenka KK mmeer cyiiecTBeHHOe 3HaUYeHME 1715
OIEHKM TEPCHEKTUB PeabuInTaIlii U ajanTalfiui
6osbHbIX, moaydaionmx 1T [11, 12].

[lenp wmccaepoBanus: onpezesieHue BIUSHUSA
BO3pacTa u craxka auain3a Ha KK 6osbHBIX TepMu-
HaysbHoU XDBII, Haxoxsammnxcs Ha jiedenun 11T

MaTepI/IaJI N METO/1bl

B oTnesenun quannza u rpaBUTAIMOHHON XUPYPIUU
xkposu Hikeropoackoit OKB nm. H. A. Cemarko o6c¢ezno-
Bautn 50 anueHToB (OCHOBHAS IPYIINA), TOJIyYaBIINX Jede-
nwe [T (23 mysxunn u 27 sxenmn ), B Bo3pacte ot 31 10 79
sier. Cpesauii Bospact coctaBu 56,72+11,26 ner. Jliresb-
noctb Jeuenust [T kosebanack B npezenax ot 1 Mecsia 10
20 Jiet, 9TO B cpeiHeM coctaBmiio 5,26+4,82 ser. B rpymmy
KOHTPOJIST BKITOUIIN 50 3M0POBBIX JIO/IEH, COTTOCTABUMBIX
TIO TIOJIY U BO3PACTY.

C6op pannbIx 110 otierke KK ocyuectsisiim mytem
AHKETUPOBAHUS 1 aHAJIN3A UCTOPUIT O0JIE3HHU, TIPU ITOM Pec-
TIOH/IEHTAM TIPE0CTaBIIN NH(GOPMAITHIO O IIEJISIX IIPOoBe/ie-
HUSI UCCJENOBAHUSI U JIaJbHENIeM HCHOJIb30BAHNN
pesyasratoB. MccnenoBanne 1o onenke KK mpoBoanim ¢
MCIIOJIb30BAaHUEM PYCCKOSI3BIYHOM Bepcuu ornpocHuka SF-
36 (Short Form Medical Outcomes Study), KoTopbrii Hau-
Gosiee yacto ucronbsyercst 3a pybexom (CIIIA, crpanb
EBporIibl) 1 B OT€UECTBEHHBIX UCCIE0BAHUSX 110 KJIMHUYE-
CKOH MeZINITIHE, 1 TI03BOJISIET IaTh KOJIMUECTBEHHYIO XapaK-
TEPUCTUKY  (DUBUUIECKOMY,  TCUXOJIOTUYECKOMY U
coumasnbiomy komrmonentam KIK. Onpocuuk SF-36 6oLt
HOpMUpPOBaH 1yist 061eit nomyssiuu CIITA u penpesenTa-
THUBHBIX BBIOOPOK B ABcrpanuu, Dpaniuu, Mramnu. B
CIIIA u crpanax EBporibl ObLIN IPOBEAECHBI UCCIIEI0BAHUS
OT/IEJIBHBIX TIOMYJISIIINH ¥ TTOJTy4eHbl PE3YJIBTATHI 10 HOPMaM
JUIST 3I0POBOTO HACEJIEHUST 1 JIJISI TPYTIT OOJIBHBIX € PA3JINY-
HBIMU XPOHMYECKUMU 3a00jieBaHussMU (C BBIIEIECHUEM
rpymi o noJry 1 Bo3pacty) [ 13]. Pycckast Bepcust SF-36 Ba-
Juan3upoBana «MHCTUTYTOM KIMHUKO-(hapMaKoJIoTnie-
ckux uceaenopanuii» (Cankr-Ilerep6ypr).

Ornpocuuk coctont u3 36 BOIPOCOB, KOTOPBIE CIPYII-
UpoBaHbI B 8 mikasr (1kasa hpuandeckoro GyHKIMOHNPOBA-
HUS, MIKaJa POJIeBOTO  (DYHKIIMOHUPOBAHUS, —IIKAJA
WHTEHCUBHOCTH OOJIH, IIKAJIA OOIIETO COCTOSIHIS 3/10POBbSI,
IIKAJIA KU3HEHHON aKTUBHOCTH, MIKAJIA COIUATIBHOTO (DYHK-
IIMOHNPOBAHNS, KA POJIEBOTO (DYHKI[OHNPOBAHUSI, 00-
YCJIOBJIEHHOTO DMOIMOHAJIBHBIM COCTOSTHUEM ¥ IIKAJIa
TICUXIYECKOTO 37I0pOBhsI ). M3 aTnx 8 mkan hopmupyeTcs 1Ba
OCHOBHBIX IT0Ka3aTeJIT: «(PH3MIECKUI KOMIIOHEHT 3/[0POBbsI»
U <IICHXOJIOTYECKUI KOMIIOHEHT 3/I0POBbsI» (BKJIIOYAET B
cebst corranbhblii KomronenT) [ 14]. [poBes KomdyecTBeH-

the influence of a disease (in our case, end-stage CKD)
and treatment (regular HD procedures) on patient’s
physical, mental and emotional condition and his so-
cial status. Besides, QoL assessment is essential for
evaluation of the prospects of PHD patients’ rehabil-
itation and adaptation [11, 12].

The purpose of study is to determine the influ-
ence of the age and dialysis duration on the QoL of
end-stage CKD patients receiving PHD.

Materials and Methods

In the Dialysis and Gravitation Blood Surgery De-
partment of N.A. Semashko B Regional Clinical Hospital,
50 patients (the main group), who received PHD (23 men
and 27 women) and were 31 to 79 years of age, were exam-
ined. The mean age equaled to 56.72+11.26 years. The PHD
duration varied between 1 month to 20 years, the mean du-
ration being 5.26+4.82 years. The control group included 50
healthy subjects of comparable gender and age.

QoL assessment data were gathered through survey
and case record analysis; the respondents were informed
about the investigation purpose and subsequent use of the
results. The QoL assessment study was carried out using the
Russian version of SF-36 Questionnaire (Short Form Med-
ical Outcomes Study), which is most frequently used abroad
(the USA, European countries) and in domestic clinical
medical studies and allows making quantitative characteri-
zation of the physical, mental, and social components of
QoL. SF-36 has been normalized for the general population
of the USA and representative samples in Australia, France,
and Italy. In the USA and European countries, individual
populations were examined and results were obtained as re-
gards the norms for the healthy population and for groups
of patients having different chronic diseases (with differen-
tiation of groups by gender and age) [13]. The Russian ver-
sion of SF-36 was validated by the Institute of Clinical and
Pharmacological Studies (Saint Petersburg).

The Questionnaire consists of 36 questions grouped
into 8 scales (the physical functioning scale, role functioning
scale, pain scale, general health condition scale, vitality scale,
social functioning scale, the scale of role functioning related
to the emotional condition, and psychic health scale). Based
on these 8 scales, two main indices are formed: ‘the physical
health component’ and the ‘mental health component’ (in-
cluding the social component) [14]. QoL assay of end-stage
CKD patients receiving PHD has been carried out based on
the above scales.

The physical health component (Physical Health —
PH) is made up of the first four scales out of the above-men-
tioned scales, namely: the physical functioning scale (Phys-
ical Functioning — PF), the scale of role functioning (role
activity) related to the physical condition (Role-Physical
Functioning — RP), pain scale (Bodily Pain — P), and the
scale of general health condition (General Health — GH).

1. The Physical Functioning Scale (PF) reflects the
degree to which the physical condition limits performance
by a patient of exercise (taking care of oneself, walking,
going upstairs, carrying over heavy items, etc.). Low figures
for this scale evidence that the patient’s physical functioning
is significantly limited by his health condition.

2. The Role-Physical Functioning Scale (RP) re-
flects the influence of physical condition on the everyday
role functioning (work, performance of everyday duties).
Low figures for this scale evidence that the patient’s every-
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Has orterka KK nmanmentos repmunanbaoii cragnu XBIT, mo-
sryvatonux 115 1o BbllleyKa3aHHbIM IIKaIaM.

®Dusnueckuii komroneHT 310poBbst (Physical health —
PH) cocraBistioT iepBble U3 YeThIpeX IepedncyeHHbIX KA,
a MIMeHHO: miKasia ¢pusnyeckoro Gpyukiponrposatnust (Phys-
ical Functioning — PH), mikaa posieBoro (pyHKIMOHUPOBA-
Huist (POJIEBast IESITEIBHOCTD ), 00YCJIOBJIEHHOTO (DU3HUYECKUM
cocrostiueM (Role-Physical Functioning — RP), mikasa uH-
tercusHocTu 60Jm (Bodily pain — P), rikasa obiiero cocrosi-
Hust 310poBbst (General Health — GH).

1. Ikana ¢pusuueckoro pyukimonuposanus (Phys-
ical Functioning — PF) orpaxaer creretb, B KOTOPOii (u-
3UYECKOe  COCTOSIHME  OTPAHMYMBAET  BBINIOJIHEHUE
nanueHToM (GU3NYECKUX HArpy30K (caMooOC/IyKUBaHuUE,
X060, MOABEM I10 JIECTHUILE, IEPEHOCKA TSKECTEeH 1 T. 11.).
Huskue mokasaresn mo aToll MKajae CBUAETENbCTBYIOT O
TOM, 4TO (hr3nvecKkast akTUBHOCTD MAIMEHTA 3HAYUTETbHO
OTPAaHUYNBACTCS COCTOSHUEM €T0 3/I0POBBSI.

2. Hlkana posesoro ¢hyHKIMOHUPOBaHUS (poseBast
NESATEJIBHOCTD ), 00YCIIOBJIEHHOTO (PU3UUECKUM COCTOSTHUEM
(Role-Physical Functioning — RP) orpaxaer Biusinue du-
3UYECKOT0 COCTOSTHUS Ha TIOBCETHEBHYIO POJIEBYIO JI€STEIb-
HOCTb (PaboTy, BBINOJIHEHME TI0OBCEIHEBHBIX 00SI3aHHOCTE! ).
Hwuskue nmokazaTesn CBUAETEIbCTBYIOT O TOM, UTO TIOBCE-
JTHEBHAA JICATEJIbHOCTh 3HAUNTEJIbHO OrpaHnyeHa Gpusnde-
CKUM COCTOSTHVIEM IAI[MeHTa.

3. Ilxkana unrencusroctn 60m (Bodily pain — BP)
CBUJIETENIBCTBYET O BJMSHIN OOJIU Ha CIIOCOOHOCTD 3aHUMAThCST
IOBCE/IHEBHOI JIESITENIbHOCTBIO, BKIIFOYasi PabOTY 10 IOMY U BHE
noma. Huskie mokasaTesin CBUAETEIBCTBYIOT O TOM, 4TO GOJTh
3HAYUTETHHO OTPAHUYMBAET AKTUBHOCTH MAITHEHTA.

4. Ilkamna obumero coctosinus 3poposbsa (General
Health — GH) Bbipaskaet o1ieHKyY GOJIbHBIM CBOETO COCTOSI-
HUSI 3/10POBbsI B HACTOSIIIIUI MOMEHT U [IEPCIIEKTUB JIeYeH s,
Yem HuzKe OaJll 110 9TOM IIKaJje, TeM HUKe Ol[eHKa COCTOsI-
HUS 3/[0POBbBSI.

[Icnxonormyeckuit KOMIOHEHT 3/I0POBb (B T.U. COTIH-
anbhbiil) (Mental Health — MH) paccuurbiBaercst Ha ocHO-
BaHUM TIOCJEIHUX YeThIPEX MHIKAJ: IITKAJIbl JKU3HEHHON
axtusHoctu (Vitality — VT), mkasbl coruaibHOro GhyHK-
mmornposanus (Social Functioning -SF), mikassl posieBoro
bYHKIMOHUPOBaHUs, 00YCIOBICHHOTO SMOIMOHAIBHBIM
cocrostaueM (Role Emotional — RE), mikasibl icuxu4eckoro
snoposbs (Mental Health — MH) [14].

5. Ulkana xusHenHoii aktuHoctu (Vitality — VT)
[0/IPA3yMEBAET CAMOOTILYIEeHIe TTAIMEHTOM KaK TTOJIHBIM
CHUJI ¥ 9HEPTUM WJIM, HAPOTUB, obeccusieHHbiM. Huskue
GaJLIIbl CBUIETENBCTBYIOT 00 YTOMJIEHUU MAIUEHTa, CHIKe-
HUW )KU3HEHHOI aKTHBHOCTH.

6. Illkaua counanbHoro dhyHkuonnposanus (Social
Functioning — SF) onpeziesnsiercs crenenbio, B KOTopoii pu-
3UUYECKOE NJIH OMOIMOHAJIBHOE COCTOSTHUE OTPAHUYMBAET CO-
[UaJbHYl0 akTUBHOCTH (0OuieHue). Huskue OGasibl
CBHU/ICTEIBCTBYIOT O 3HAYUTEIBHOM OTPAHIUCHUH COIMATb-
HBIX KOHTaKTOB, CHUKEHUU YPOBHsI OOIIEHUSI B CBSI3U C
yXyzmerreM GU3NIeCcKoro U HMOIUOHAIBHOTO COCTOSTHUSI.

7. Illkana poseBoro (pyHKIUOHUPOBAHMS, 0OYCI0B-
JIEHHOTO aMoImoHabubiM cocTosireM (Role-Emotional —
RE) mpeamomaraeT oneHKy cTemeHu, B KOTOPOH aMOINO-
HAJIbHOE COCTOSTHUE MENIAET BBIOJIHEHIIO PAOOThI WU Py -
roil  TIOBCEAHEBHOI jtesirebHocT  (BKJIIOYast GoJIblime
3aTparhl BPeMEeHH, yMeHblIeHue 00beMa PabOThl, CHIZKEHIE
ee kauecTBa). Huskue mokazaTesin 1o aToii MKaje MHTepIpe-
TUPYIOTCSI KAK OTPAHUYEHHUE B BBITIOJTHEHUH TTIOBCEJIHEBHOM
paboThl, 00YCIOBIEHHOE YXYIIIEHHEM 3MOIIMOHAIBHOTO
COCTOSTHUS.

day activity is significantly limited by patient’s physical con-
dition.

3. The Bodily Pain Scale (BP) evidences the influ-
ence of pain on the ability to engage in everyday activity in-
cluding household work and work outside home. Low
figures for this scale evidence that pain significantly limits
patient’s activity.

4. The General Health Scale (GH) expresses the pa-
tient’s evaluation of his current health condition and treat-
ment prospects. The lower the score according to this scale,
the lower is health condition evaluation.

The mental health component (including social)
(Mental Health — MH) is calculated based on the last four
scales: Vitality (VT), Social Functioning (SF), the scale of
role functioning related to the emotional status (Role Emo-
tional — RE), Mental Health (MH) [14].

5. The Vitality Scale (VT) implies patient’s self-
awareness as vibrant or, on the contrary, enervated. A low
score evidences patient’s fatigue, decrease of vitality.

6. The Social Functioning Score (SF) is determined
by the degree to which the physical or emotional condition
limits social activity (communication). A low score evi-
dences significant limitation of social contacts, decrease of
the level of communication due to aggravated physical and
emotional condition.

7. The scale of role functioning related to emotional
condition (Role-Emotional — RE) implies evaluation of the
degree to which the emotional condition interferes with per-
formance of work or other everyday activity (including large
time cost, work scope reduction, work quality worsening).
Low figures for this scale are interpreted as limitation in per-
formance of everyday work due to emotional condition
worsening.

8. The Mental Health Scale (MH) characterizes the
mood, presence of depression, anxiety, total positive affect
score [15, 16].

The score according to each scale vary between 0 and
100 where 100 is the maximal score reflecting full health.

Test results were processed following the instruction
developed by Evidence Company for clinical and pharma-
cological studies. Statistical analysis of data obtained was
done with the help of StatSoft Statistica 10 applied software
package. To evaluate inter-group differences and effect of
quantitative variables including social and demography data
(age, PHD duration) on QoL, Spearman non-parametric
correlation analysis was used (with regard to the type of
quantitative data distribution according to Kolmogorov-
Smirnov criterion). The descriptive statistics of qualitative
features was presented in the evaluation of inter-group dif-
ferences of QoL as absolute and relative frequencies (%).
Difference reliability was determined with the help of Stu-
dent’s t-test. The critical level of zero statistic hypothesis re-
liability was adopted equal to 0.05.

Results and Discussion

Analysis of the structure of diseases that have led
to development of end-stage CKD requiring PHD dis-
covered that the leading medical condition of patients
was chronic glomerular nephritis (20 patients or 40%).
The second most frequent condition was diabetic
nephropathy: 16 patients or 33% of cases. Pyelonephri-
tis was the reason for development of end-stage CKD
in 4 patients (8%), urolithiasis — 3 patients (6%), poly-
cystosis — 3 patients (6%). Amyloidosis, gout, tubule-
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8. IIkaua ncuxuyeckoro 3poposbs (Mental Health —
MH) xapakrepusyeT HacTpOeHHe, HAJIUUNe J[eIPECCHH,
TPEBOTH, OOIUIT MOKA3aTeTb MOJOKUTENBHBIX HMOIHIL.
Huskue mmokasaTesy CBUIETENbCTBYIOT O HAJIYUH JleTIpec-
CUBHBIX, TPEBOJKHBIX MEPEKUBAHMIN, ICUXTYECKOM He(JTa-
romnosyunu [ 15, 16].

ITokasarenn xax0it MTKaIbI BapbupytoT Mexkay 0 u
100 6as108, rie 100 — MakcHUMaIbHOE KOJIMYECTBO HAJLIOB,
oTpaskaioliee MOJTHOe 3/[0POBbeE.

O06paboTKy pe3yIBTaTOB TeCTUPOBAHUS TTPOBOIAIIN C
HCIIOJIb30BAHUEM WHCTPYKIUHU, Pa3paboTaHHON KOMIaHHUekt
«IBUJIEHC» — KJIMHUKO-(apMaKoJOrnIecKue nccae[oBa-
aust. Crarncrnyeckyio 06pabOTKY TTOJYYEHHBIX JTaHHBIX
MPOBOJINJIM C UCIIOJIb30BAHNEM TTAKeTa MPUKJIAJHBIX TIPO-
rpamm StatSoft Statistica 10. /I7st OTIeHKN MEKIPYIITOBBIX
Pa3nIuyIuil U BIUSHUS KOJTMIECTBEHHBIX TEPEMEHHBIX, B TOM
YHCIIe COIMATBHO-/IeMOTpadnueCcKuX JaHHBIX (BO3PACT, /JI1-
tesbHOCTB JTevenust [117) na moxazarerm KK, mpumvensiim ve-
apaMeTpUIecKiii KOPPeJIIIMOHHBII aHamn3 1o CriupMeHy
(¢ y4eToM BUJIa PacIpeieIeHHsT KOJTMYeCTBEHHBIX JAHHBIX B
COOTBETCTBUM ¢ KputepueM Koimoroposa-CMupHOBA).
OmnmcaresbHyIO CTATUCTHKY KaueCTBEHHBIX TPU3HAKOB TIPH
OlleHKe MeXIpynioBbix pasimmanii KK npencrasuim B Buze
abCOJIIOTHBIX M OTHOCHTEJIBHBIX 4acToT (% ). JlocToBepHOCTD
Pas3INyIuil ONPeIesIsig ¢ TIOMOIBIO {-kpuTepust CThIOJIEHTA.
Kpurnuecknit ypoBeHb JOCTOBEPHOCTH HYJIEBOW CTATHUCTH-
4ecKoil rumoressl npuHuMasu pasHbim 0,03.

Pe3yibrarhl 1 00CyKI€EHHE

[Tpu paccMOTpeHUH CTPYKTYpPbI 3a00JieBaHuii,
NpUBEANINX K Ppa3BuTuio TepmuHaiabHoii XDBII ¢
Heo6X0AUMOCTHIO 1TpoBesieHvist [1T, BBIsIBUIIM, UTO BE/Ly-
1eii HO30JI0rM4eCKOM (hOPMOIL y OOJIbHBIX SIBUJICS XPO-
Huveckuii riomepysionedpur (y 20 namueHTosB, 4TO
cocraBuiio 40%). Bropoe mecto 3anumaiia quabernde-
ckas nedponarys, y 16 60abHbIX wim B 33% cirydaes.
[MuesnonedpuT ciayKua IPUUUHON PA3BUTHUST TEPMU-
nanpuoit XBII y 4 uenoBek (8%), MouekameHHAst
6ostesub — y 3 manuentos (6%), MOJMKKCTO3 — y 3
6osbHBIX (6% ). AMUJION/I03, TIOATPa, TYOYJIONHTEPCTH-
[UAJIbHBIN HeDPUT U BPOXKIEHHAS IUIIOIJIA3US COCTA-
BN 110 2% 0T 0011ero yncia 3a0o/eBanuii (110 OqHOMY
MAIMEHTY KaKIAO0N HO30JI0TUU B OCHOBHOM IPYIITIE).

Uccrnenoanue KK mammenToB repMuHagibHON
XBII, xoppurupyemoii 11T, u mpaktudecku 310pOBLIX
sty ¢ moMolieio onpocauka SF 36 mnpejcraBuin B
taba. 1-3.

eranpubiit ananmus KK no3Bosus yctaHoBUTS,
YTO y aIueHToB ¢ TepmMunanbHoil XbII, naxoxamux-
cst Ha IIT, Ha MomeHT uccienoBanust nmokasarean KK
YyeThIpex U3 BOCbMHU IiKaJ onpocurka SF-36, okaza-
auch gocrtoBepro Huke (p<0,05), yeM y 3710pPOBBIX
s (tabur. 1, 2).

B wacrnoctu, B chepe dusmueckoro 370poBbs
BoisiBuM cHmskenne KIK narmenToB, Haxomsimumxcest Ha
[IT; o caiepyronum mikaiam: PF-dusndeckoro gyHk-
IIMOHMPOBaHMST (54,1£25,6 ipotus 85,0+21,4), RP-poste-
BOro (hyHKIIMOHMPOBAHUSL, 0OYCJIOBIECHHOE (DH3HMIECKUM
cocrostareM (38,5+35,4 ipotus 74,5+29,7), P-untencus-
Hoctu 6o (64,7+32,1 iporus 70,5+24,8), GH-o61ero
cocrostaue 3710poBbst (51,3+15,9 nmpotus 65,1+21,7).

interstitial nephritis and congenital hypoplasia
amounted to 2% of the total number of diseases (one
patient of each nosology in the main group).

The investigation of QoL of PHD-corrected
end-stage CKD patients and apparently healthy sub-
jects performed using SF 36 Questionnaire is pre-
sented in tables 1-3.

Detailed analysis of QoL has allowed establish-
ing that, as of the time of the study, in end-stage CKD
patients receiving PHD, the QoL score of four out of
the eight SF-36 scales were reliably lower (P<0.05)
that in healthy subjects (tables 1, 2).

In particular, as regards the physical health, a de-
crease of QoL of patients receiving PHD was found
for the following scales: PF-physical functioning
(54.1£25.6 vs. 85.0+21.4), RP-role functioning related
to physical health (38.5+35.4 vs. 74.5+29.7), P-bodily
pain (64.7£32.1 vs. 70.5+24.8), GH-general health
(51.3£15.9 vs. 65.1+21.7).

The statistically reliable decrease of QoL in phys-
ical functioning (PF) (54.1£25.6 vs. 85.0+21.4) reflects
the degree to which physical condition limits perform-
ance of exercise by PHD patients (taking care of one-
self, walking, going upstairs, carrying heavy items, etc.).
The low score according to this scale evidences that
physical functioning of patients receiving PHD is sig-
nificantly limited by patient’s physical health.

The statistically reliable decrease of the score re-
flecting role functioning (RP) related to physical
health (38.5+35.4 vs. 74.5£29.7) reflects the adverse
influence of physical health on the everyday role func-
tioning of patients receiving SRT procedures (work,
performance of everyday duties).

The reliable decrease of bodily pain (BP)
(64.7£32.1 vs. 70.5£24.8) reflects the adverse effect of
pain syndrome in end-stage CKD patients receiving
PHD on the ability to engage in everyday activity in-
cluding household work and work outside home. The
low score according to this scale evidences that pain
substantially limits activities of the end-stage renal pa-
tient [14, 17], which should apparently be taken into
account during follow-up of this category of patients.

The decreased general health score (GH)
(51.3+15.9 vs. 65.1+21.7) reflects the critical evalua-
tion by patients of this category of their current health
condition and prospects of their treatment [14, 18]. A
lower score according to this scale reflects a lower
evaluation by a PHD patient of his health compared
to the control group.

It should be noted that based on the SF-36 sur-
vey findings for the emotional health in the end-stage
CKD receiving PHD, there was no significant de-
crease of the score (P>0.05). In particular, no differ-
ence was found between the groups as regards the role
functioning related to emotional condition (RE)
(72.3£25.1 vs. 66.7£39.3), mental health (MH)
(65.8£11.5 vs. 65.7+16.1).

For the vitality scale (VT) (53.7£19.5 wvs.
61.0+19.4), a trend to statistically reliable differences
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Ta6amua 1. Iokasarenu (pU3HUECKOr0 KOMIIOHEHTA 310POBbS, KAU€CTBa KU3HH B 00CIe0BannbIX rpymmax ( M+m).
Table 1. Physical health component of the quality of life in the groups studied (M+m).

Quality of Life Score (Scale)

Value of score in study groups

Reliability of Differences

Patients Receiving PHD,  Control Group,
n=50 n=50
PF 54.1+25.6* 85.0£21.4 P<0.05
RP 38.5+35.4* 74.5+29.7 P<0.05
BP 64.7£32.1* 70.5+24.8 P<0.05
GH 51.3+15.9* 65.1£21.7 P<0.05

Note. * — significance of differences between groups of patients (P<0.05).

Ipumeuanue. [[na tabr. 1-3: Value of score in study groups — sHauenne GanioB B McCaeyeMbIX rpynmnax; patients receiving PHD
— naruenTsl, noayyawrrue I1T; control — konTpous; reliability of differences — mocroseprocts pasawuwmii. [lns tabo. 1, 2: quality of
life score (scale) — mokasartenb kavecTBa KU3HU (1TKaia).* — 3HAYMMOCTH Pa3JUYUI MeskLy TpyTnamu maiuenTos (p<0,05).

Ta6auna 2. [Tokazarein NCUXOJOTHYECKOrO KOMIOHEHTA 37I0POBbsI, KAUeCTBA 3KU3HH B 00C/Ie[0BaHHbIX rpynmax (M+m).
Table 2. Mental health component of the quality of life in the groups studied (M+m).

Quality of Life Score (Scale)

Value of score in study groups

Reliability of Differences

Patients Receiving PHD, n=50

Control Group, n=50

VT 53.7+19.5 61.0£19.4 P>0.05
SF 72.5£18.0 79.5£23.5 P>0.05
RE 72.3£25.1 66.7+39.3 P>0.05
MH 65.8+11.5 65.8+16.1 P>0.05

Note. The significance of differences between groups of patients not found.
Ilpumeyanue. 3HAYNMOCTD Pa3IUUUiT MEK/TY TPYITIAMHU NAIMEHTOB He OOHAPYKUIIH.

TaGauna 3. MusuuecKkuii ¥ NCHXOIOTUYECKUI KOMIIOHEHTHI 3/[0POBbS B 00CI€0BaHHbIX rpymmnax (M+m).
Table 3. Physical and mental health components in the groups studied (M=m).

Quality of Life Score (Scale) Reliability of Differences

Reliability of Differences

Value of score in study groups
Patients Receiving PHD, n=50 Control Group, n=50

PH - physical health 53.3+15.91* 71.5£20.75 P<0.05

MH — mental health 61.76+10.49 65.67+25.26 P>0.05

Note. * — significance of differences between groups of patients (P<0.05).

IIpumeuanune. Health Component — komnonent 310posbst; physical — dusuueckuii; health — 3noposbe; mental — ncuxonornyeckuii.

* — 3HAYMMOCTD Pa3IUYil MKy Ipyinamu nanueHTos (p<0,03).

Cratuctuuecku socroBepuoe curmkenue KK B
cepe dusuveckoro dyunkiuonuposanus (PF)
(54,1£25,6 niporus 85,0+21,4), orpakaer creleHb, B
KOTOPOUl (pU3MYECKOe COCTOSIHUE OTPAHUYMBAET
BbITIOJTHEHNE (DU3UYECKUX HArPy30K NalllieHTaMHu,
Haxoasamumucs Ha I1T (camoobcenyskuBanue, Xoap0a,
HOJIBEM II0 JIECTHUIIE, TEPEHOCKA TSIKECTei U T. I1.).
Hwuskue mokasaTtesn 1o 9TOH IIKaJe CBUIETENb-
CTBYIOT O TOM, YTO (pU3UYeCKast AKTUBHOCTD TTallU€eH-
ToB, Haxosmxcs Ha 111, 3HaunTeIpHO OrpaHNYNBa-
€TCsI COCTOSTHUEM er0 (PU3UIECKOTO 37I0POBbSI.

CraTucTHYecKU 3HAYMMOE CHIZKEHME IT0Ka3aTe-
Jiell, OTPaKaloMUX poJieBoe (YHKIIMOHUPOBAHUE
(RP), obyciaoBaenHoe (HU3UYECKUM COCTOSIHUEM
(38,5£35,4 npotus 74,5+29,7), orpaxkaer HeraruBHOE
BJIUsIHUE (PU3UYECKOTO COCTOSTHUS HA TIOBCEHEBHYIO
POJIEBYIO [IEATEIBHOCTH HOJNBHBIX, TIOJYYAIONIUX MTPO-
neaypol 3IIT (pabory, BbilToJIHEHNE TOBCEIHEBHBIX
obsi3aHHOCTEI).

IlocToBepHOe CHUIKEHUWE ITOKA3aTeseil WHTEeH-
cusoctu 6o (BP) (64,7+32,1 nporus 70,5+24,8)
OTpaskaeT HeraTUBHOE BJIUsTHIE GOJIEBOTO CUHAPOMA Y
6osbHbIX TepmuHaabHoN X BII, Haxoxsamuxcs Ha I1T,
Ha CIIOCOOHOCTh 3aHUMATHCST TOBCEIHEBHON JIesITeb-
HOCTBIO, BKJIIOYas paboTy Mo oMy U BHe jgoMa. Hus-
KIe [T0KAa3aTeJn 10 ITON IIKaJle CBUIETENIbCTBYIOT O
TOM, 4TO 6OJIb 3HAYMTEILHO OTPAHUYUBAET AKTUB-
HOCTbh TEPMUHAJIBHOTO TI0YeYHOoTo mnaruenTa [14, 17],

between the groups was observed. This fact apparently
evidences a more frequent decrease of vitality, fatigue
due to being on PHD, exhaustion and lessened vital
power in patients receiving PHD procedures [19].

A trend to statistically significant inter-group
differences was also found for the social functioning
scale (SF) (72.5%18.0 vs. 79.5%23.5), which seems to
be related to the fact that regular PHD procedures
lead to considerable limitation of contacts, lessening
of communication because of aggravated physical and
emotional status of patients.

To determine the factors affecting PHD patients’
QoL, multiple regressive modeling was carried out.
Scattering diagrams reflecting statistically significant
correlation between the patient’s age and physical
health (PH) and absence of statistically significant
correlation between PHD duration and metal health
(MH) are shown on the figures (fig. 1, 2). Physical and
mental health scores were the dependent variables in
the regression equations. As independent variables,
the regression analysis included age and PHD dura-
tion. Since the distribution of demography data was
not normal, non-parametric correlation analysis ac-
cording to Spearman was performed, which showed a
trend to inverse relation between patients’ physical
health (PH) and age (r,=- 0.316949, P<0.05). Hence,
increase of the age adversely affects the physical
health. No relation between the age and mental health
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4TO, TO-BUAMMOMY, HEOOXOAUMO YYHUTBIBATH TIPU
Kypaiy JaHHOH KaTeropuu GOJIbHBIX.

VYMenbliienne  mokazareseil  1Kaabl - obIero
cocrostaust  3poposbst  (GH)  (51,3£15,9 nporus
65,1+21,7) orpaskaer KPUTHYECKYIO OLEHKY JAHHOI
KaTeropueli NaueHTOB COCTOSTHIS CBOETO 3/I0POBDSI B
HACTOSIIMIT MOMEHT 1 TIEPCIIEKTUB CBOETO JieueHud [ 14,
18]. Bosnee Huskumii Gai1 o STOI MIKae oTpakaeT Gosee
HU3KYIO OI[EHKY COCTOSTHUA 3I0POBbS MAIIMEHTOM, HAXO0-
nammMes Ha [117 o cpaBHEHUIO ¢ TPyNTIoi KOHTPOJIA.

Heo6X0oMMMo OTMETHTB, YTO TIO Pe3ysbraTaM
orpocunka SF-36 B cdhepe aMOIMOHATIBHOTO 3/10POBbST
y nanuenToB TepmuHaabHoit XBII, momyyatonux 11
JIOCTOBEPHO ~ 3HAYMMOTO CHUIKCHMS —TIOKa3areseid
BBISIBJIEHO He Ob110 (p>0,05). B yacTHOCTH, He BBISIBUIN
pasiMuuil B TPyIIAX 10 ITKaJaM PoJIeBOTO (PyHKIIMO-
HUPOBaHUSsI, 00YCJIOBIEHHOTO AMOIIMOHAIBHBIM COCTOSI-
uuem (RE) (72,3+25,1 niportus 66,7+39,3), ncuxude-
ckoro 310poBbst (MH) (65,8+11,5 nmpoTtus 65,7+16,1).

[To mkane sxusnennoit aktuBHoctu (VT)
(53,7+19,5 mpotus 61,0£19,4) orMevann TeHAEHITNIO
K CTAaTUCTUYECKU JJOCTOBEPHBIM OTJINYMSM B TPyIIIax.
Jannpiii dakt, 1M0-BUAMMOMY, CBUJETEIBCTBYET O
GoJiee 4aCTOM CHVZKEHUU KU3HEHHOW aKTUBHOCTH,
YTOMJICHUH B cJieficTBre Haxoxkaenus Ha 11T, cumske-
HUW CUJT U JKU3HEHHOU 9HEPTUH Y OOJIbHBIX, TTOJIyYato-
X nponeaypst [T [19].

TeHgeHIINIO K CTAaTUCTUYECKU 3HAUMMBIM MEXK-
TPYIITIOBBIM PA3IMUYUAM TAKIKE OGHAPYKUIIU TIO IIKAJIE
conuanbaoro dyuknuonnposanust (SF) (72,5£18,0
mpoTuB 79,5%23,5), 4TO, MO-BUINMOMY, CBSI3AHO C TEM,
yTO peryJgapuble nporeaypsl 1T mpuBoasaT k snayu-
TeJIbHOMY OTPaHUYEHHIO KOHTAKTOB, CHUKEHHIO YPOB-
Hs1 OOIIEHUS B CBSI3U € YXYALUIEHUEM (DU3UYECKOTO U
AMOIMOHATBHOTO COCTOSTHYST GOJTbHBIX.

C nesbio onpenesienus GakTOPOB, BAUSAIONINX HA
KIK 6ombubix wa IIT, mpoBein MHOKECTBEHHOE
perpeccroHHoe MojiesinpoBanue. J[marpaMmbl pacceu-
BaHNU, OTPAKAIOIINE CTATUCTUYECKN 3HAYUMYIO KOP-
PEJIAIIO MEK/LY BO3PACTOM TAIMEHTa U TIOKa3aTesieM
(puznueckoit akrusnoctn (PH) u orcyrcTBue crartu-
CTUYECKU 3HAYMMON Koppendaiuu Mexay crakem [1T0
1 TIoKaszaTesieM rcuxudeckoro 3goposbd (MH) mpes-
cTaBUIM Ha puc. 1, 2. 3aBUCUMBIMU TIePEMEHHBIMU B
PErpecCHOHHBIX YPAaBHEHUAX TIPUCYTCTBOBAIMN MOKa-
3aTesi (DU3NYECKOTO M MCUXUYECKOTO 3/10pOBbs. B
KayecTBe HE3aBUCUMBIX MIEPEMEHHBIX B PErpecCUOH-
HBIM aHATN3 BKJIOYMJIN BO3PACT M MPOJOJIKUTEIb-
Hoctb Jiedenus 11T B cBs3u ¢ Tem, uTo pacnpe/iesnenne
nemorpaduueckux mokasareseil He ObIJI0 HOPMAJIb-
HBIM, ITPOBEJIN HeTTapaMeTPUYECKU KOPPEJISIIMOHHBII
aHasm3 1o CrupMeny, KOTOPBIN MTOKa3asl TeHICHITUIO
K 06paTHOIT 3aBUCUMOCTH MESK/LY MOKasaresaeM (husu-
yeckoro kommnonenTa 370posbs (PH) u Bospactom
naruenToB (rs=—0,316949, p<0,05). CienoBaresbHo,
YBeJIMYEHME BO3pAcTa OTPUIATEIbHO BIMICT Ha ITOKa-
3aTesn (hU3MUECKOro 3710poBbi. B3anMocBsa3n Mex Ly
BO3PACTOM M TTOKA3aTEJISIMU TICUXITYECKOTO 3/10POBbS
He BBISIBUJIM, TAKXKe KaK U CTATUCTUYECKU 3HAYUMO
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Age: PH: r=-0.3845; p=0.0064 Age

Puc. 1. luarpamMma pacceuBaHusl, OTPAsKAIOMAS CTATHCTHYECKU
3HAYNMYIO KOPPEJISIHIO MEK/y BO3PACTOM MAIMEHTa U II0Ka3a-
tesieM ¢pusnyeckoii akrupnoctu (PH).

Fig. 1. Scattering diagram reflecting statistically significant cor-
relation between patient’s age and physical health (PH).
IIpumeuanue. Age — Bo3pacT.
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Puc. 2. lnarpaMma paccenBaHus, OTPa’Kaioniasi OTCyTCTBHE CTa-
TUCTHYECKH 3HAaYUMOii Koppesinuu Meskay craskeM IIT' u nmoka-
3areJsieM ncuxuyeckoro 310posbst (MH).

Fig. 2. Scattering diagram reflecting absence of statistically signif-
icant correlation between PHD duration and mental health (MH).
IMpumeuanue. HD duration (months) — crasxk remoananusa,
MecsIeB.

was found or statistically significant correlation be-
tween PHD duration and physical functioning (PF).

It can be assumed that physical health symptoms
(PH) of PHD-corrected end-stage CKD patients
change, first of all, under the influence of disease dy-
namics and age. The mental health score is relatively
independent on treatment duration and overdeter-
mined [20]. Absence of statistical relation between pa-
tients’ age and mental health allows advancing a
hypothesis of influence of other factors, and this needs
to be further investigated, inter alias, to find patient’s
mental resources to maintain QoL in a situation of B
end-stage CKD correction with PHD.

Conclusion

It is worth mentioning that organic manifesta-
tions of somatic diseases directly affect patients’ QoL
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KOPPEJAINN MEXKIY IUTeTbHOCTDIO jedenus [T n
nokasatesieM pusndeckoit akrusHoctu (PF).

MOsKHO TIpeANoIaraTh, YT0 CUMIITOMBI (PU3UIeCcKO-
ro komnoHenTa 3710poBbs (PH) narmenTos ¢ TepmuHasb-
noii XBII, koppurupyemoti 111 usmensiored, npexzie
BCETO, TIOJl BIMSHUEM JIMHAMUKY 3a00JIeBAHUST U BO3PAC-
ta. [Tokasaresn NCUXu4ecKoro 310pOBbst OTHOCUTEIHHO
HE3aBUCUMBI OT JITTEIHOCTH JICUCHUS 1 TTOJMIETEPMU-
nuposanbl [20]. OTcyTcTBUE CTATHCTUYECKON CBI3U
MESKLY TTOKa3aTeIAMI BO3PACTa U TICUXUYECKOTO 3/10-
POBbS TIAIMEHTOB TI03BOJISIET BBIBUHYTH THUIIOTE3Y O
BJIASTHUM JIPYTUX (haKTOPOB, YTO TPEOYET JAATBHEHIIINX
MCCTIEZIOBAHUH, B TOM YHCIe /1711 TIOMCKA TICUXO0JIOTHYe-
CKUX pecypcoB maimenTa K nozzepxanuio KK B ycio-
BUAX Koppekimn tepmunanbHoit XBII ¢ momorrsio 1110

3akiaoyeHue

Citejryer OTMETUTD, YTO OpPraHUYeCcKue TIPOosiBJIe-
HUSI COMaTHYECKMX 3a00JIeBaHMil HEIOCPeACTBEHHO
Bimstior Ha KJK narmenToB, BHOCS B €ro JKU3Hb Pa3Jind-
Hble orpannuenus. [Tomyuentbie pe3yibraTbl UCCIEN0-
BaHWS CBUJIETENLCTBYIOT O TOM, uTo KK nainuenTtos,
nonyvatonux I1T] 3HaunTesbHO CHUMXKEHO IO CpaBHe-
HIIO CO 370POBBIMI JINIIAMM, TJIABHBIM 00Pa3oM, 3a CUET
rokasateJieit (pu3n4ecKoro 3/10pOBbs U, B MEHbIIIEN CTe-
IIeHH, 32 CUET IICUXOJIOTUYECKOH Jie3aanTaliiu. YBe-
JI4eHne BO3pacTa M CTajka JUAN3a OTPUIIATELHO
BJINSIOT HA (DU3NYECKUIA U HE BJIUSIOT HA TICUXOJIOTYe-
CKHiT KOMIIOHEHTBI 3/10POBbsl. AHAJINM3 JaHHBIX cyOcdep
KK 1103BoJIsteT eTajibHO yCTaHOBUTD, B KaKKX 00J1a-
CTSIX KU3HM HALMEHT UCIIbITHIBAET BhIPAsKEHHOE HeO1a-
TOTOJIyYHe, A KAKUE U3 HUX SIBJISTIOTCSI COXPAHHBIMU.

Pesyabrater onenkn KJK nanuenTtoB tepmu-
nanpuoit XBII, koppurupyemoii III, mosBosgior
BBISIBUTH OCOOEHHOCTH LEJIOCTHOTO, KaK (PU3UYECKOTO,
TaK U ICUXUYECKOT0, PearupoBaHus OpraHu3ma maru-
€HTa Ha MaTOJIOTUYECKUI TIPOIIECC U TIEPEHOCUMOCTD
JIedeHust, YTO HeOOXOAUMO YYUTHIBATh [IPKU HasHaye-
HUU IJIAHOBBIX U OKCTPEHHBIX JieueOHbIX MEPOIIPHUsi-
tuit. KK nmanmenTos, nonxyqatomux 11T, cratucruye-
CKU 3HAYMMO HW)KE 10 CPABHEHWIO C JIIOJ[bMU, He
umeromux 3abosesanuii (p<0,05).

VY 6onbubIx, Haxoxsnmxcs Ha [T, B Haubosbineit
crerienu cTpajaer GU3NYECKUil KOMIIOHEHT 37I0POBbS,
a UMeHHO: (puznveckoe (hyHKIIMOHUPOBAHUE, POJIEBOE
(dbyHKIMOHUPOBaHKe, 00YCIOBIEHHOE (DU3MUECKIM
COCTOSIHUeM, MHTeHCUBHOCTDL O0JIU U 001L1ee COCTOSIHUE
3/I0POBbE, HE3ABUCUMO OT I10J1a MalueHTa. ITo 06CTos-
TEJIbCTBO CJIE/IYET YUYUTHIBATD [IPU BEJIEHNUHU [TAIUEHTOB
¢ repmunanbioit XBII, monyyatonux [T [Icuxomnoru-
YeCKHI KOMIIOHEHT 3J0POBbsI GOJIbHBIX, IIOIYYAIOMINX
[1T 1 3mopOBLIX JIIO/IEH He UMEET CTOJb CYIEeCTBEHHBIX
oTyin4uil, Kak pusnueckuii. TeHpeHIus K cTaTuCTHye-
CKUM Pa3JINYUsIM OTMEYAETCSI 110 MTKAJIaM SKM3HEHHOU
AKTUBHOCTU U COIUAJILHOTO (DYHKIIMOHUPOBAHUSI.

Cumrirtombl (HU3NYECKOTO KOMITOHEHTA 3/I0POBbS
naiuenToB ¢ TepmuHanibHoi XBII, koppurupyemoii 111
U3MEHSIIOTCS, TIPEKJIe BCETo, 10/l BIUSHIEM JIUHAMUKU

by bringing various limitations into their life. The study
results obtained evidence that QoL of patients receiv-
ing PHD is significantly lower compared to healthy
subjects, mostly, because of the physical health score
and, to a lesser degree, psychological maladaptation. In-
crease of the age and dialysis duration affects adversely
the physical health but does not affect the mental
health components. Analysis of QoL sub-spheres allows
detailing the life spheres in which a patient experiences
prominent ill-being and which of them are intact.

The results of QoL assessment of PHD-cor-
rected end-stage CKD patients allow identifying the
specific features of the total response of the patient’s
body, both physical and mental, to the pathological
process and treatment tolerance, which should be
taken into account when elective and urgent curative
measures are prescribed. The QoL of patients receiv-
ing PHD is statistically significantly lower compared
to control group with no diseases diagnosed (P<0.05).

In PHD patients, it is the physical health com-
ponent that suffers most, namely: physical function-
ing, role functioning related to physical condition,
bodily pain, and general health, regardless of the pa-
tient’s gender. This circumstance should be taken into
account in the management of end-stage CKD pa-
tients receiving PHD. The mental health of patients
receiving PHD and that of healthy population does
not differ so drastically as the physical health. A trend
to statistic difference is observed for the vitality and
social functioning scales.

Symptoms of the physical health of PHD-cor-
rected end-stage CKD patients change, first of all, under
the influence of disease dynamics and age. The mental
health score is relatively independent on treatment du-
ration and overdetermined. This allows regarding psy-
chosomatic status and subjective mental state of a
patient as a kind of adaptive reserve in respect of end-
stage kidney failure at the background of delivered PHD.

SF 36 Questionnaire might be recommended for
QoL monitoring of healthy individuals and patients,
particularly those receiving SRT with the aid of PHD,
both in in-patient and out-patient environmental set-
tings, for the purpose of evaluating the mental reserve.

3abosieBanus 1 Bo3pacTa. [lokasaresu Meuxudeckoro
3/10POBbs OTHOCUTEIBHO HE3ABUCUMBI OT JVIUTEIbHOCTH
JiedeHHs U TOJTUIeTEPMUHIPOBAHBL. JTO TTI03BOJILET pac-
CMATPUBATh TICUXOCOMATHYECKUIT CTATYC U CyOBEKTUB-
HOE TICUXUYECKOe COCTOSIHUE MAIMEeHTa KaK OIpe/iesieH-
HBII aJJalITUBHBIN pecypc K TeYeHUIO TePMUHAIBHON
[I0YEYHON HeZlocTaToyHoCTH Ha (hone rpoBogumoro 1T

Takum o6pasom, onpocHuk SF 36 moxer ObITh
pexkomenjioBan st Monutopunra KK 3710poBbix u
0OJIbHBIX JII0fIeil, B yacTHOCTH, Haxoasmmmcs Ha SIIT
¢ omoripio 1T, B ycsioBUsIX KIUMHUKA U aMOyIaTop-
HOTO JIeYeHHU s, B TOM YNCJIE, [IJIs OIIEHKH IICUXIYECKOi
PeCypCHOCTH HaIMeHTa.
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JIumdopest B mociieonepanuoOHHOM MEPUO/IE Y OHKOXUPYPrUYECKHX 0OJIbHbIX

. B. dpemal, O. 3. Maryes!, H. C. Koznos!, A. T. Taruposa!, 1. M. Bara6osa?,
A. 1. Xacan?, P. A. Cumanus', I. M. Kopouiok!, B. B. Cadponosa’

! MOCKOBCKHUI TOCYIaPCTBEHHBIN MEAIMKO-CTOMATOJIOTHYECKUIT YHUBEPCUTET
nm. A. 1. EBroknmosa Munsapasa Poccun,
Poccnst, Mocksa, 127473, . Mocksa, yi. [lenerarckas, 1. 20, ctp. 1
2 Mammostornuecknii ieHtp L7,
Poccusg, 367000, Pectiybimka Jlarectan, . Maxaukasa, np. AKyIIMHCKOTO, 1. 24a
3 Topoackas kimanueckas 6ombHuia Ne 40 /lenapramenta 3apaBooxpanenust T. MOCKBBI,
Poccnst, 129301, r. Mocksa, yor. Kacarkuna, 1. 7

Postoperative Lymphatic Leakage in Oncosurgical Patients

Ivan V. Yarema', Oleg E. Fatuev!, Nikolay S. Kozlov!, Aisha G. Tagirova', Iraisat M. Vagabova?,
Amer Sh. Hasan?, Roman A. Simanin', Galina M. Korolyuk!, Victoria V. Safronova'

T A. I. Evdokimov Moscow State University of Medicine and Dentistry, Ministry of Health of Russia,
20 Delegatskaya Str., Build 1, 127473 Moscow, Russia
2 Mammological Center L7,
24a Akushinskogo Av., 367000 Makhachkala, Dagestan Republic, Russia
3 City Clinical Hospital Ne 40, Moscow Department of Health
7 Kasatkina Str., 107014 Moscow, Russia

Iesb: onpezesuth BiusiHue 00beMa U UINTEILHOCTH [OCIE0EPAIIMOHHON JINM(MOPEN HA TOMEOKIHES 1 YACTOTY
Pa3BUTHSI TOCJIEONEPAITHOHHBIX OCJIOKHEHHMI Y OHKOJIOTMYECKUX GOJIBHBIX IIPH PA3JIMYHBIX XUPYPIrHIECKUX BMEIIa-
TEeJIbCTBAX.

Marepuaiu u Metoabl. Otienuin pe3ysabraTsl Jedenus 310 narenToB, KOTOPBIM ITPOBOIUIIN CTAHIAPTHOE I1J1a-
HOBOE XUPYPriyecKoe BMENIaTebCTBO 10 TIOBO/LY 3JI0KAU€CTBEHHOI TTATOJIOMMN PA3JIMYHbBIX OPIaHOB C PETMOHAPHOI
sumdonnceekiein. Kpurepuem or6opa 6buta amrenbias (6oee 7 aueil) u Boipaxkennast (6osee 50 M1 B CyTKH)
suMdopest B TI0CIeonepaliioHHoM 1ieprose. OT/IessieMyio B TIOCJIE0TEPAIIMOHHOM TIEPUO/Ie JKUIKOCTb UeHTUhN-
IIUPOBAIH Kak My 1UToIornYecKu. [[narno3 3;iokadecTBeHHOI TATOIOTHI BEPUMDUIINPOBAIN Y BCEX MAIIUEHTOB
[OCJIe THCTOJIOTUYECKOTO UCCIEM0BAHUST 1 OOJIbHBIX PACIIPEEIIIIIN 10 HO30JI0THYeCKUM (hopMam.

Pesyubrarst. [IponosskuTebHOCTb iMbOpen, BKII0Yast aMOyIaTOPHBII 3Tall JIeYeH st, B 3aBUCUMOCTH OT BH/Ia
oreparuu coctaBuia ot 9 nueit 1o 1 rozga 2 mecsiteB. MakcumManbHO TPOJNOKUTENbHAS JTUMGbOpPest UMesach y 2-X
HAIMEHTOK TI0CJIe PALUKAIBHON MacTaKTOMUN. B Teuenue 1-it Hemen HAOMIOMEHYSI TAIIUEHTOB C €KETHEBHBIMU
sumponorepsmu 1o 100 M u3menenuii B coctaBe Kposu He oT™MeTusn. [Iponosmskurensias mumdopes (1-2 nenenu
nocJie oreparun ) 06bemoM 6osiee 100 MJI B CyTKY IPUBOZINIIA K CHUKEHUIO COJlepKaH st OeJiKa B [11a3Me KPOBU, Bbl-
PaKeHHOIT JTMMGbOIUTOIIEHUH, YBEIMYEHUIO KOJIMYecTBa TPOMO0OIUTOB. OCIOKHEHHUS B TIOCITIEOEPAIIOHHOM I1e-
puoze BuistBraN y 31 maruenTa, ipu 5ToM y 27 60JIbHBIX B Tedenne 1-il Hepenn HabIoAeHus MCXOHas JTuMbopest
6bia 6ostee 100 M1 B CyTKH. AHAIM3 CMEPTENbHBIX KCX0A0B (7 4esIoBeK ) MoKasaJl, uTo Y BCeX MalMeHToB JuMbopest
npesbiiiana 150 it B cyTr, aumsack ot 1 10 2 venesb. HauboJiee 1pooskuTeIbHBIM TPEOBIBAHUEM B CTAIIHOHAPE
XapaKTePU30BAINCH ITAIIMEHTBI T0CJIE Olteparny BeprreiiMa 1 UCcTaIKTOMUN, aMOyJIATOPHO JI0JIbIIE BCETO JIEYUIUCH
HAIUEHTBI TOCJIE PALUKAIBHBIX MACTIKTOMUN U [TAX0BO-OePEHHBIX JIMM(POIUCCEKITHIL.

3akmouenue. [Ipu umdopee 6osree 100 MIT B CyTKH Y MAIMEHTOB OHKOXUPYPTHYECKOTO TPOMUIIS HE0OXOANMO
BOCIIOJIHEHUE GEJIKOBBIX TI0TEPD, & MOCJIe 7 CYTOK, [IPU HEKYIUPyeMoii tumdopee B Takux 0O0beMax, BO3HUKAET He-
06XOIMMOCTD B TIOCTAHOBKE BOIIPOCA O IIPUMEHEHU I AKTUBHOU XUPYPri4eCcKOil TAKTUKHU, HATIPABJIEHHON Ha JIMKBU-
nanuio uMaoIoTepb.

Knrouesvie cnosa: JluMd)Opeﬂ,' nocieonepauuonnsvle OCIL0ICHEHUSA, OHKOJI0ZUYECKUE 60]!be[€,' OHKOJIO2US, thnqbo-
8eccem;uﬂ; JluM¢ouumoneHuﬂ; zunonpomeurnemust

Purpose: to evaluate the influence of postoperative lymphatic leakage volume and duration on homokinesis and
incidence of postoperative complications in oncosurgury patients underwent different operative interventions.

Material and methods. The results of treatment of 310 patients subjected to standard elective surgical inter-
vention for a malignant pathology of different organs with regional lymph node dissection were evaluated. The se-
lection criterion was prolonged (more than 7 days) and prominent (over 50 ml a day) lymphatic leakage during the
postoperative period. The fluid discharged during the postoperative period was identified as a lymph by cytology.
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The diagnosis of a malignant pathology was verified in all patients after histological examination and patients were
distributed according to established diagnosis.

Results. The duration of lymphatic leakage including the outpatient treatment stage varied from 9 days to 1
year and 2 months depending on the type of surgery. The longest lymphatic leakage occurred in 2 patients after rad-
ical mastectomy. During the 1st week of observation in patients with daily lymph losses up to 100 ml, no changes in
the blood composition were noted. Prolonged lymphatic leakage (1-2 weeks after operation) in a volume over 100
ml a day resulted in reduced protein content in blood plasma, severe lymphocytopenia, increased platelet count.
During the postoperative period, complications were detected in 31 patients; at that, during the 1st week of obser-
vation, 27 patients experienced initial lymphatic leakage over 100 ml a day. Analysis of fatal outcomes (7 patients)
showed that in all patients the lymphatic leakage exceeded 150 ml a day and lasted 1 to 2 weeks. The longest inpatient
time was typical for patients after Wertheim's hysterectomy and cystectomy, whereas the longest outpatient treat-

ment was experienced by patients after radical mastectomy and inguinofemoral lymph node dissection.
Conclusion. In case of lymphatic leakage over 100 ml a day in oncosurgury patients, it was necessary to make
up protein losses and after 7 days of persistent lymphatic leakage it became necessary to consider use of active surgical

tactics aimed at liquidation of lymph losses.
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Bseneunne

Bce uarie obpamiaior Ha cebst BHUMAHUE XUPYP-
TOB MPOOJIEMBI TTOCJIEOTIEPATTUOHHON TUM(BOPEH, CBS-
3aHHBIC C YBEJIMYCHIE 06beMa TMM(MOANCCEKTTUHT TIPH
pPaJMKaJbHBIX OHKOJIOTHYEeCKUX oreparusax [1, 2].
OpmHaxo, B HACTOSIIINIT MOMEHT, BBITIOTHEHUE PAIU-
KaJTbHBIX OTIePAINii ¢ perMoHapHOH JTuMdoMCcceKn-
eil OHKOJIOTHYECKUM GOJIbHBIM, HECOMHEHHO, YBe-
JINYUBAET TIPOIOJIKUTETBHOCTD UX JKU3HU [3—3].

OcHOBHOW TIPUYNHOW PA3BUTHS TTOCJIE0TIEpa-
IIUOHHOI TUM(bOPEN SIBISIETCS ATPOTEHHOE TTOBPEXK-
nenne muMGaTHIeCKUX COCYI0B BO BPeMsI ONE€PATHB-
HBIX  BMEIIATENbCTB  WM3-3a  TPyXHOCTEH B
BU3YaJIN3AIUHU KOJIJIEKTOPHBIX JTUM(bATHYECKIIX COCY-
noB [6-9]. Crenenb ee BBIPAKEHHOCTU 3aBUCHUT OT
AHATOMHUYECKON JIOKAJTU3AIUHU YAAJISIEMOr0 OpTaHa u
ob6beMa OTMepaTUBHOTO MOCOGHUST, KOTOPOE BKJIIOYAET
aumdanenakromuio [10—-12].

[lmuTenbHo He mpekpamnaioniasics auMbopes
IPUBOJIUT K HAPYIIEHUIO 32KIBJIEHUST PAHbBI U YIJTH-
HEHUIO BPEMEHU JiedueHust GOJBHOTO B CTallMOHApe
[13—-15], a mHOTrAA TPeOYyeT U IOBTOPHOM TOCIUTAIN-
3aIUU JIJIST €€ yCTPAHEHUsI, YTO JIUKTYeT HeoOXOI1-
MOCTh BBIGOPA a/IEKBATHONW METOANKN BEJICHUST JIaH-
HOW KaTeropuu 60bHbIX [16—19].

[lenp uccemoBaHUsT — OINPENENUTh BIUSHUE
o6beMa U JITHTETBHOCTH MOCIICOTIEPAITMOHHON JTM(bO-
peu Ha TOMEOKUHE3 1 YacTOTy Pa3BUTHS MTOCIIeO0Tepa-
IIMOHHBIX OCTOKHEHUH Y OHKOJOTHYECKUX GONBHBIX
IPY Pa3IIMYHBIX XHPYPTUUECKUX BMEIIATEThCTBAX.

Marepuaa u MeTo/ibl

Omernau pe3ynsTaThl Jeuenns 310 gesoBek, KoTo-
PBIM TIPOBOJIMJIN CTAH/AAPTHOE IJIAHOBOE XUPYPrUdYecKoe
JIeYeHHe 3JI0KaYeCTBEHHBIX HOBOOOPA30BAHMIT PA3INYHBIX
OPTaHOB C PeTHOHAPHON TMMGOINCCEKITNEN.

BobHBIM, BKITIOUEHHBIM B FICCJIEZIOBAHIE, TIPOBO/IIIIN
CTaHJapTHOE KInHIYeckoe obcsrenosanue. Kenmmn 6b110 212
JeoBeK, My>kunH — 98. OCHOBHasI Macca OIepHPOBAHHBIX

Introduction

The attention of surgeons is increasingly most
often drawn to the problem of postoperative lym-
phatic leakage related to increased scope of lymph
node dissection during radical oncological surgeries
[1, 2]. At present, however, radical surgeries performed
with regional lymph node dissection undoubtedly in-
crease life expectancy of patients [3—5].

The main reason for development of postopera-
tive lymphatic leakage is iatrogenic injury of lym-
phatic vessels during operative interventions due to
difficulties in imaging collector lymphatic vessels
[6—9]. Its severity depends on the anatomical location
of the excised organ and operative support scope in-
cluding lymphadenectomy [10—12].

Persistent lymphatic leakage interferes with
wound healing and increases the duration of hospital-
isation [13—15]. Sometimes re-hospitalization is re-
quired to stop the leakage that demands selection of
an adequate method to manage this category of pa-
tients [16—19].

The purpose of this study was to determine the
influence of postoperative lymphatic leakage volume
and duration on homokinesis and incidence of postop-
erative complications in oncological patients sub-
jected to different surgical interventions.

Materials and Methods

The results of treatment of 310 patients subjected to
standard elective surgical intervention for malignant
pathologies of different organs with regional lymph node
dissection were evaluated.

Patients included in the study were subjected to stan-
dard clinical examination. There were 212 women and 98
men. The majority of operated patients were 60 to 80 years
of age, 205 patients in total (66.1%). The mean age of pa-
tients was equal to 71£1.12 years.

A malignant pathology was verified in all patients
after histological examination (table 1).
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Ta6auna 1. Pacnpenenenye onepupoBaHHbIX GOJIBHBIX 10 HO30J0THYECKUM popMam.

Table 1. Distribution of Operated Patients by Nosology.

Nosology

Number of patients

Breast cancer 136
Prostate cancer 37
Malignant tumors of low limb skin with metastases in groin and /or ileac lymph nodes 33
Rectal cancer 25
Endometrium cancer 24
Metastases in axillary or groin lymph nodes with the primary site having been cured 12
Cervical cancer 11
Urinary bladder cancer 10
Kidney cancer 5
Esophageal cancer 5
Lung cancer 4
Mediastinal malignant tumors 4
Non organ specific retroperitoneal tumors or pancreatic cancer 4
Total 310

IIpumeyanue. Nosology — Hososorus; cancer — pak; Prostate — npoctarsr; Kidney — nouxu; Endometrium — supomerpust; Cervical — mmeiiku
matky; Urinary bladder — mouesoro nmysbipst; Rectal — npsimoii kumiku; Breast — MosiouHoii skestessr; Lung — serkoro; Esophageal — mume-
Bozta; Malignant tumors — ssokauectsennbie omyxosu; of low limb skin with metastases in groin and /or ileac lymph nodes — koxu HuKHIX
KOHEYHOCTEI ¢ MeTacTasaMi B TTaXOBble 1,/Wi noAB3AomHble Jumboysasr; Mediastinal — cpenocrenns; Metastases in axillary or groin
lymph nodes with the primary site having been cured — meracrasbl B moambIiIeuHbIe 1K TAXOBbIE JTUM(OY3IIbI IIPU U3JIEYCHHOM IEPBUYHOM
ouare; Non organ specific retroperitoneal tumors or pancreatic — HeopraHHble 3a0PIONINHHbIE OIYXOJIN WK PAK MOLKETYA0YHOI JKeTIe3bl;

Total — Bcero; Number of patients — umcsio 60JbHBIX.

6osbHBIX Obla B Bodpacte ot 60 10 80 mer — 205 yenoBek
(66,1%). Cpenmmii Bo3pact marrienToB coctasui 71+1,12 roza.

3/I0KaYeCTBEHHYIO TTATOJOTHIO BepUMUIIMPOBATHN Y
BCEX TAI[MEHTOB TIOCJIE BHITIOTHEHUST THCTOJIOTHYECKOTO UC-
caenosanus (Tabir. 1).

B uccaenyemoii rpyiiie GoJIbHBIX UMeJIa MECTO JJTH-
tesnbHast (Oosiee 7 nHeit) u BhipakenHast (Gosee 50 ma B
cyTkn) Jumbopes.

B nocieoneparontom mepuojie 06beM JuMborio-
Tepy yYUTBIBAJIU 110 OTAEIAEMOMY U3 JPEHaKHBIX TPYOOK
(puc. 1) uin ¢ IIOMOIIBIO ITYyHKITHI.

[Tynkiyy 1uMpOKUCT B GPIONIHON 1OI0CTH, 3a0pio-
MIUHHOM MTPOCTPAHCTBE WJIHU TIOJIOCTH MAJIOTO Ta3a IPHU MPo-
noJpKaiotieiicst inmbopee mocje yAageHus TPeHasKHbIX
TpyOOK BBINOJIHAIN 11071 Y 3-HaBuranueii. Jlumda ¢ remop-
paruv4ecKuM OTTEHKOM BbIjlesisijiach B Teuenne 5—11 qHeit,
3aTeM nprobperana npo3pavnbiii Bu y 99% nanneHTos.
[IpunaziexxHOCTD OT/e/IsIeMOl B TTOCIe0epalliOHHOM Iie-
pHO/Ie JKUAKOCTU K JMde ONpesiesisiii y BceX MalneHToB
IIUTOJIOTIYECKH. JIJIsT 9TOTO cpasy MocJIe MyHKITNHT KUIKOCTD
3abupaiu B 1podbupky ¢ I TA, 4ToOBI IPEAOTBPATHUTD €€
cBopaunBanue. 1[UT03, WM KIETOYHOCTD, UBMEPSIIN MO
CTaH/IapTHOI MeTo/MKe B kamepe [opsieBa uim Ha remaTo-
JIOTHYECKOM aHAJIM3AaTOPE B PeXKUMe MOJCYeTa LEeTbHOI
KPOBH. 32 KOJIMIECTBO SIIEPHBIX KJIETOK TIPHHUMAJHN 3HAYE-
nne WBC (white blood cell, win seiikonnToB) B Thicsuax
KJT€TOK Ha MUJUTAJIATP JKUAKOCTH. [Tocse ompeeseHus -
TO3a KUIKOCTH NEHTPUGMYTUPOBAIHU C MOJTYIEHIEM OCATKA
IJIsT MUKPOCKOITNYECKOTO HccseoBanms. CynepHaTanT nc-
CJIEI0BAJIN HA COfieprkanie Gesrka.

Craructudyeckyio 06paboTKy MaTepualia mpOBOIIIN
¢ momotrpio maketa mporpamm STATISTIKA-5 (CIITA).
[Ipu ananuse maTepuasa pPACCUMTBIBAJIN CpeNHUE Be-
JIMYUHBL, WX CPEIHUE CTAaHAAPTHBIE OMUOKI 1 JOBEPUTEIb-
et 95% wunrtepBan. [WmoTe3y O paBeHCTBE CPEIHUX
OIIEHNBAJIH TI0 {-KpuTeprio CThIO/IEHTA.

Pe3ysbrarhl 1 00CyKA€EHHE

B 3aBMCHMMOCTH OT BHIa OTIEPAIIMU PA3IIAJICT
06beM 1 BpeMst sinmdoncrederns. MakcuMaibHO Mpo-
JOJKUTENBHYIO U 00beMHYI0 JIMGbOpeIo HabIIofaIn

Puc. 1. Cromienue qumM@bl 110 APeHAKy, 4-€ CYTKH OCJe yaaje-
HUs1 3a0PIOIIMHHON OIYXOJIH.

Fig. 1. Lymph accumulation via drainage, day 4 after excision of
a retroperitoneal tumor.

The group of patients under study exhibited pro-
longed (more than 7 days) and severe (more than 50 ml a
day) lymphatic leakage.

During the postoperative period, the lymph loss vol-
ume was accounted based on discharge from drainage tubes
(fig. 1) or with the help of punctures.

Lymph cyst punctures in the abdominal, retroperi-
toneal, or pelvic cavity were performed with ultrasound nav-
igation support when lymphatic leakage continued after
drainage tubes were removed. Blood-tinted lymph excreted
during 5-11 days; thereafter, it became clear in 99% of pa-
tients. The fact that the fluid postoperative discharge was
lymph was established in all patients by cytology. To this
end, immediately after a puncture, the fluid was sampled
into a test tube with EDTA to prevent its clotting. Cytosis,
or cellularity, was measured according to the standard
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TaﬁJmua 2. Pacnpenene}me MAIUEHTOB 110 TUIIaM ONI€PAaTHUBHBIX BMEIIATEJIbCTB, 061)eMy U BpEMEHU JII/IM(I)OI/ICTC‘ICHI/UI

B [IOCJIeONepaliOHHOM nepuoae, Mtm.

Table 2. Distribution of patients by types of surgeries, postoperative lymphatic leakage volume and duration, M+m.

Type of surgery Lymphatic leakage volume (ml per day) at the study stages
Day 1 Day 7 End Point
Wertheim operation, n=35 270£4.2 156£3.9 73+2.2
Cystectomy, n=10 263+6.6 121+5.8 77+3.0
Inguinofemoral lymph node dissection 259+3.8 117£2.5 61+1.3
(Ducuing—Melnikov’s operation), n=43
Pulmonectomy or esophagus resection with pleurotomy, n=9 216+3.4 184%1.6 72426
Radical prostatectomy, n=37 210+5.2 98+4.2 63+2.3
Abdominoanal resection, abdominoperineal resection, 175+1.6 102+0.7 38+0.4
or anterior resection of rectum n=25
Radical mastectomy, n=136 168+7.1 81+4.2 57422
Removal of a mediastinal tumor, n=4 148+4.5 96+3.0 44+1.5
Pancreaticoduodenal resection, n=2 146+0.5 73%0.5 32+0.5
Removal of a retroperitoneal tumor or nephrectomy, n=7 112+3.9 83+1.4 34+2.0
Axillary lymph node dissection, n=2 94+0.5 48 0.5 45+0.5

Ipumeyanue. /[y taba. 2, 4: Type of Surgery — Buz oneparuu; Wertheim operation — oneparust Beprreiima; cystectomy — UCTIKTOMIS,
inguinofemoral lymph node dissection (Ducuing—Melnikov’s operation) — naxoso-6eapentas sumborccekims (orneparus Jlrokena—Meib-
Hukosa); pulmonectomy or esophagus resection with pleurotomy — mysIbMOHIKTOMMUS MM PE3EKIUsE UIIEBO/A ¢ TopakoTomueii; radical
prostatectomy — paaukanbHas npocratakromus; abdominoanal resection, abdominoperineal resection, or anterior resection of rectum —
GpIONIHO-aHATIbHAST Pe3EKINst, OPIOIIHO-TIPOMEKHOCTHAS SKCTUPIALST, WK TIepeIisist pe3eKius npsiMoil kuuiky; radical mastectomy — pa-
JnKambaas Mactakromust; removal of a mediastinal tumor — ynasenue oryxosu epegoctenus; pancreaticoduodenal resection — nankpearo-
nyozeHanbHas pesexiyst; removal of a retroperitoneal tumor or nephrectomy — ynanenue sabpronmnnoii ormyxosu i HedpaxTomust; axillary
lymph node dissection — noambinrednas snmdoanccekimst. Lymphatic leakage volume (ml per day) — o6bem mumdopen (M B cytkn); end
point — na MmomenT npexpatienust. st tabu. 2, 3: at the study stages — na sranax uccaegoBanus; Day — cyTKu.

ocJie maxoBo-6epeHHoit mmdomccekin 1o J{ioke-
HY—MeJIbHUKOBY, IIUCTIKTOMUU C TUMQPOANCCEKITIEN,
nocJie oriepaiuu Beprreiima, u ocJie oriepaiiuii Ha Jier-
KOM, [IUIIEeBOJIE U OpraHax cpegocrenus (tabir. 2).

Krnnyecku ckoruienne aumbl 1o KoxKeii ocse
yIaJleHusT BAKYYMHOTO JIpEHaka OTMevain co 2—3-x
CyTOK. B 11es10M, B TeueH1Ie TIEPBOI HeZIeN esKeIHEBHbIE
JUM@OIIOTEPU YMEHBIAIUCH TPAKTUYECKH B 2 Paza 1
coctaBwn 110 50 Mi1 — y 4-X gesioBek, oT 50—100 mir y
224-x yesioBek, 6osiee 100 mu1 y 82-X YesIoBeK.

[IpomomxuTenbHocTh  JIUMGMOpPEN,  BKIIOYAs
amMOyIATOPHBIIT ATATI JIeYeHUs, B 3aBUCUMOCTH OT BUJIA
orepaiuu cocraBuia ot 9 jueit 10 1 roga 2 mecsies!
MaxkcumaTbHO IPONOJKUTEbHAS JTUMGbOpest IMeJIach
y 2-X NaIHeHTOK IT0CJIe PAAUKAIBHON MAaCTIKTOMIH.

Cpentue exkeIHeBHbIE II0KAa3aTeJUd IOTEPh
auMOBI IPU HAXOKIEHUH B CTAIMOHAPE COCTABUIN
54,2 mu1. Yamie npogosmkanin aMOyIaTOPHO JIEYUThCS
HAIMEHTBI TIOCJIe PAIMKATbHBIX MACTIKTOMMIA, OTlepa-
U Ha TIPOCTATE 1 MAX0BO-0eIPEHHBIX JTMM(BOIUCCEK-
nuit. CpenHue exxepHeBHbIe TUMQPOIIOTEPH 32 BPEMSI
aMOyIaTOPHOTO JieyeHust cocTaBuiu 15,8 Mt B jieHb.
AMOyTaTOpHO MyHKIMK ocytecTBsan ot 1 1o 3 pas
B HEJIEJIIO.

Hccrenoanue tepsieMoii 1uM@bl 1 H3MEHEHUS
rOMEOKHHe3a, CBsI3aHHble ¢ JUMQoOHNCTeUYeHHeM.
Ecsu orpensieMoe M3 MSTKUX TKaHel, B 00IIeM,
COMHEHWII B IPUHAJJIEKHOCTH K JIMe He BBI3bIBAJIO,
TO OT/EJISIEMOE TI0 IPEHAKAM U3 TPY/IHO 1iin OpIolii-
HOIT OJIOCTY MJTH MAJIOTO Ta3a TpeboBasIo UaeHTH(hH-
Kaluu Kak JUM@bl, TOCKOJIbKY He BCSKAs KUAKOCTb
U3 JIAHHBIX TIOJIOCTEN MOKET SIBJIATHCS JUMOIL.
[lutosornueckoe ucciefoBaHUE MOKA3aJl0, 4TO B
OT/IEJISIEMOI JKUIKOCTH cojiep:kanue (hOPMEHHBIX dJie-

method in a Goryaev chamber or hemocytometer in the
whole blood counting mode. The count of WBC (white
blood cells, or leukocytes) in thousands cells per one milli-
liter of fluid was adopted as the quantity of nuclear cells.
After cytosis determination, the fluid was centrifuged and
sediment obtained was analyzed by microscopy. The super-
natant was studied for protein content.

Statistic processing of data was carried out using STA-
TISTIKA-5 software package (USA). Analysis included cal-
culation of the means, standard errors of the means, and 95%
confidence interval. The hypothesis about equality of the
means was evaluated using the Student’s ¢-test.

Results and Discussion

The volume and duration of lymphatic leakage dif-
fered depending on the type of surgery. The longest du-
ration and maximal volume of lymphatic leakage was
observed after Ducuing—Melnikov’s inguinofemoral
lymph node dissection, cystectomy with lymph node dis-
section, after Wertheim’s operation, and after surgeries
on the lung, esophagus, and mediastinal organs (table 2).

Clinically, lymph accumulation under the skin after
vacuum drainage removal was noted since days 2—3. Dur-
ing the first week, daily lymph losses decreased almost
two-fold and amounted to 50 ml in 4 patients, 50—100 ml
in 224 patients, and over 100 ml in 82 patients.

The lymphatic leakage duration including the
outpatient treatment stage varied between 9 days and
1 year and 2 months depending on the surgery. The
longest lymphatic leakage was observed in 2 patients
after radical mastectomy.

Mean daily lymph losses during the inpatient pe-
riod equaled to 54.2 ml. Patients continued outpatient
treatment most often after radical mastectomy,
prostate surgeries and inguinofemoral lymph node dis-
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TaGJmua 3. OcHOBHbIE IOKa3aTeJ I TOMEOKHHEe3a y GOJbBHBIX

Table 3. Basic parameters of homokinesis

Parameters

Values of parameters in the norm and at the study stages

Baseline Day 7 post-surgery Norm
Hemoglobin (g/1) 137.2+2.5 123.6+1.3 120-140
Erythrocytes (12/1) 4.4%0.7 41£0.9 4.0-5.0
Leukocytes (10/1) 5.2+0.3 6.7+0.3 4.0-8.0
Lymphocytes (%) 25+0.5 16+ 0.2 19-37%
Platelets (10/1) 226.3+1.0 310.4+2.0 180-300
Total Protein (g/1) 70.4+1.6 64.7+0.5 60.0-83.0
Albumin (g/1) 32.1+1.5 14.3+1.5 14.9-42.0

IIpumeuanue. Parameters — nokasares; values of ... in the norm and — snadenus ... B Hopme u; platelets — rpomGoruTsr; baseline — uexommo;

post-surgery — MoCIeonepanoHHbIil TEPUOL.

MEHTOB KPOBH B BujIe JTUMGOIUTOB cocTaBuio 100%.
[Tpu nmumdopee mpoucxoauIa HEBOCIIOJIHUMAS TIOTe-
pst iuMGbOIUTOB, KJIETOK UMMYHHON CHCTEMbI, KOTO-
pble 00ecrednBaOT T'yMOPaJbHbI U KJAETOYHbII
UMMYHUTET, & TAKXKE PETYIUPYIOT [AeATENbHOCTD KJle-
TOK JIPYTUX TUIIOB.

[Tomumo TuM@POTUTOB ¢ JIUMGbOI TIPOUCXOMITI
norepu: OeiKa, B YaCTHOCTH aJibOyMUHA; KaJIusl, HaT-
pUS U IPYTUX 3JIEMEHTOB, YTO TIPU JJIUTETBHOM IIPO-
JIOJKEHUU HE MOTJIO HE OTPA3UTHCS HA OOIIMX TTOKa-
3aressix romeoknHesa. OnHako B Teuenue 1-ii Hegenn
HAOJIO/IEHYSI TAIIMEHTOB ¢ €Ke[HEBHBIMU JTUMMOIIO-
tepsamu 10 100 Mt U13MEHEHUHT B cOCTaBe MX KPOBU He
OTMEYAJIH.

[Ipenonepannontoe cojepkanue ooero 6eka
1 anbOyMUHA TJIA3Mbl KPOBHU HE BJIMSLIA HA TIPOJOJI-
JKUTETbHOCTH JiuMbopen. 3menenus psiga mokasaTe-
Jiell TOMeOKMHe3a Yy MalueHToB ¢ HayabHOo JinuMbo-
peeii 6osiee 100 MJI B CyTKU npeicTaBuiiu B TadIL. 3.

[TponosmskuTenbhas aumdopes oobeMoM Goiee
100 mu1 B cyTkm uepes 1-2 Henemn nocie omnepanuu
MPUBOJIUIIA K CHIJKEHUIO CO/lepKaHust Gesika B TL1as-
Me KPOBU, BbIPasKeHHOI JimMdoruTonernn (4To 06b-
sgcusiercs norepeil iumMdoinuTos ¢ aumdoii), yBe-
JnueHnto Kosimuectsa tpomboruros. Ha 20-e cyTku
sumdopest o6bemoM 6osiee 100 MJT B CYTKH TIPUBOIH-
Jla K CHIJKEHUIO CPEHEr0 COjep)KaHus Oesika 10
58,2%1,01 Mmoub/n (ITpU M3HAYAABHOM 3HAYEHUU
70,4%1,45 MmMoJIb/01).

[To panHbIM KOAryJIOTPAMMBI, BBISIBUJIU HE3HATM-
TeJIbHOE TIOBBIIIIEHNE COflepKanst GHOPUHOTEHA, XOTSI
C YYETOM IPOBOAUMOI BCEM OHKOXUPYPIUUECKIM
HanueHTaM IIpoQUIaKTUKN TPOMOO0OOPA3OBaAHMS HI3-
KOMOJIEKYJISIPHBIMHE TeTlapUHaMI, OObEKTUBHYIO OIeH-
Ky KoaryJiorpaMmbl Ha hoHe Jum@open 1aTh MpaKkTh-
YeCKU HEBO3MOJKHO.

ITocneonepaiuonnsie ociokHeHHs1 Ha (oHe
aumbopen. 113 310 narureHToB 0CI0KHEHNUS B TOCTIe-
OTIepalliOHHOM Tiepuojie BbisgBuau y 31 uesoBeka
(10,0%), cpeau HUX BCTpeUyaTHCh: HATHOEHUE PAHBI,
HECOCTOSTEIbHOCTD aHacTOM0308B 1 cuiy (11), abe-
Hecchl OPIONIHOM IOJOCTU WM Majoro Tasa (4),
aMImeMa 1ieBpsl (2), TpoMboaMOboIn 1 TpoMbodiie-
6uthl (5), criaeunast 6osie3np (6) U3 HUX — 2 caydast
CIIAeYHON KUIIIeYHON HENPOXOJAUMOCTH, rmuesoHed-
put (2) n undapxr muokapzaa (1). Ilpu aTom B Teue-

section. Mean daily lymph losses during the outpatient
treatment period equaled to 15.8 ml per day. To outpa-
tients, punctures were performed 1 to 3 times a week.

Investigation of lymph being lost and homoki-
nesis changes related to lymphatic leakage. If the dis-
charge from soft tissues was undoubtedly lymph in
general, the discharge via drainage from the thoracic,
or abdominal, or pelvic cavity required its identification
as lymph because not any fluid from these cavities
might be lymph. Cytological analysis showed that the
discharged fluid content of blood corpuscles in the form
of lymphocytes was 100%. Lymphatic leakage was as-
sociated with irreplaceable loss of lymphocytes, im-
mune system cells that provide humoral and cell-bound
immunity and regulate activity of other types of cells.

In addition to lymphocytes, the lymph-related
losses included: protein, specifically, albumin; potas-
sium, sodium and other elements, which, in case of ex-
tended duration, could affect homokinesis. However,
during the 1st week of follow-up of patients experi-
encing daily lymph losses of up to 100 ml, no changes
in their blood composition were noted.

Preoperative blood plasma total protein and al-
bumin rendered no influence on the duration of lym-
phatic leakage. Changes in a number of homokinesis
parameters in patients suffering initial lymphatic leak-
age over 100 ml a day are shown in table 3.

Extended lymphatic leakage in a volume exceed-
ing 100 ml a day 1-2 weeks after the surgery resulted
in reduced blood plasma protein, severe lymphocy-
topenia (explained by a loss of lymphocytes with
lymph), increased platelet count. On day 20, lym-
phatic leakage in a volume over 100 ml a day resulted
in mean protein content decrease down to 58.2+1.01
mmol/l (the baseline value being 70.4+1.45 mmol/1).

Coagulogram revealed a minor increase of fib-
rinogen, though considering preventive anti-clottage
therapy administered to all oncosurgical patients, an
objective assessment of coagulogram at the back-
ground of lymphatic leakage seems impractical.

Postoperative complications at the back-
ground of lymphatic leakage. Of 310 patients, post-
operative complications were detected in 31 patients
(10.0%) and included: wound abscess, anastomotic
leaks and fistulas (11), abdominal or pelvic cavity ab-
scesses (4), pleural empyema (2), thromboembolism
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B Wound abscess
Bl Pleural empyema

[l Abscess
[l Pyeclonephritis
M Peritoneal commissures [ Myocardial infarction

[ Thrombosis and thromboembolism

Puc. 2. CTpykTypa nocjieonepanoHHbIX 0CJI0KHenuii (abco-
JIIOTHBIE YUCJHA).

Fig. 2. The structure of postoperative complications (absolute
numbers).

IIpumeuanue. Wound abscess — mnarnoenuwe panbr; Pleural
empyema — amimema espbl; Peritoneal commissures — criaeunast
60ue3nb; Thrombosis and thromboembolism — TpoMGo3bI 1 TpOM-
6oambomnm; Abscess — abcenece; Pyelonephritis — nuenonedput;
Myocardial infarction — undapkr Muokapa.

nue 1-il Hegenn HabGmoAeHUS UCXoAHAsS AUMOOpes
6osee 100 M B cyTKM mMesnach y 27 GOJHHBIX, UTO
coctasmio 87,1% oT Bcex MalMeHTOB ¢ OCJIOKHECHU -
Mu. 24 nanumenta (77,4%) 6bL11 B Bozpacre Gojee 75
get. OCIOKHEHUST B 9TOH TPyTITie, MO HAIIEMY MHe-
HUIO, MOTYT OBITh CBSI3AHBI C HAJIMYNEM COTTYTCTBYIO-
mux 3a60JIeBaHMiL.

CTpyKTypa MOCIe0nepanuoHHbIX OCT0KHEHUHT
MpejICTaBJIeHa Ha PuC. 2.

Harnoenust mociieomnepanmoHHbIX pPaH, HECO-
CTOSITEJTHHOCTD KYJIBTH OPOHXOB M aHACTOMO30B TIPO-
WUCXOIMJIN, HECMOTPS Ha CUCTEMHOE UCIOJb30BAHNE
AHTUOMOTHKOB, @ TPOMOO3bI U TPOMOOIMOOINH BO3-
HUKAJIM, HECMOTPSI HAa BCE MePBI MPOMUIAKTHKY,
BKJTIOYAs TPUMEHEHNE HI3KOMOJIEKYISIPHBIX Terapu-
HOB, PAHHIOIO aKTUBU3AIUIO TTAIUEHTOB 1 3JIACTUYHOE
OUHTOBAaHNE HIDKHIX KOHEUHOCTEH.

Ha moBTOpHbIE OTIepariy Ipu MEPBUIHON TOC-
MATAJIN3AIIY, B CBSI3U ¢ JinMpopeeii, B3sin 8 4eI0BeK
(2,6 %): 5 mocsie TOPAaKOTOMUY TIPU OITYXOJISIX CPEIO-
CTEeHWsI, TIUIIEBOA U JIETKUX, 3 TIOCJIe OMepanuii Ha
MaJioM Tasy 1 3a0PIOIIMHHOM TIPOCTPAHCTBE. BoITO-
HUJIU ellfe 2 OTePaIui 1Mo MOBOY PAaHHEN CIaeTHON
KHIIIEUHO HEMTPOXOMMOCTH U 4 TI0 TOBO/LY aOCIIECCOB
OPIOIITHOMN MOJIOCTH W TIOJIOCTH MAJIOTO Tasa.

¥V 5-11 GOJIBHBIX, TIPY BEIPAKEHHOM XUJIOTOPAKCE,
B CBs13H ¢ HEA(D(HEKTUBHOCTHIO KOHCEPBATUBHOI Tepa-
MU, BBITIOJHUIM PETOPAKOTOMUIO, TTEPEBSI3KY TPY/I-
HOTO JTMMGpATUIECKOTO MPOTOKA MPOKCUMaIbHEe U
ucTanbHee MecTa moBpeskacHus. O0beM auMboro-
Tepb y 9TUX OOJBHBIX TpeBbiian 500 M B CyTKH,
MTOBTOPHYIO OTIEPAIINIO BBITIOTHILIN HA 4-€ CYTKH.

and thrombophebitis (5), peritoneal commissures (6),
of them — 2 cases of commissural bowel obstruction,
pyelonephritis (2) and myocardial infarction (1).
During the 1st week of follow-up, 27 patients experi-
enced initial lymphatic leakage exceeding 100 ml a
day, which was 87.1% of all patients who had compli-
cations. 24 patients (77.4%) were older than 75 years
of age. In our opinion, complications in this group
might be related to co-morbidity.

The structure of postoperative complications is
shown on figure 2.

Postoperative wound abscess, bronchi stump
and anastomosis leaks occurred in spite of systematic
use of antibiotics while thrombosis and thromboem-
bolism occurred despite of all preventive measures in-
cluding use of low-molecular heparins, early activation
of patients and elastic bandaging of lower limbs.

Eight patients (2.6%) were subjected to revisions
during initial hospitalization due to lymphatic leakage:
five patients after mocsie thoracotomy for mediastinal,
esophagus and lung tumors, three patients after pelvic
and retroperitoneal surgeries. Two more surgeries were
performed for early commissural bowel obstruction
and four operations were complited in patients with
abscesses in the abdominal and pelvic cavities.

Five patients experiencing severe chylothorax
due to conservative therapy inefficacy were subjected
to peplerotomy, thoracic duct ligature more proximal
and distal of the injury site. The volume of lymph
losses in these patients exceeded 500 ml a day; the re-
vision was done on day 4.

When there is severe loss of lymphocytes and
proteins, there is a risk of infection of lymphocysts, es-
pecially in case of multiple punctures in patients with
concomitant diabetes mellitus. Therefore, in patients
woth severe lymphatic leakage the process of treat-
ment is drastically extended.

The in-hospital time and postoperative mortal-
ity. The longest duration of hospitalisation was typical
for patients after Wertheim operation and cystectomy;
the outpatient treatment was the longest after radical
mastectomy and inguinofemoral lymph node dissec-
tion (table 4).

The mean inpatient bed days was 14.53£1.36, the
mean outpatient follow-up days was equaled to 9.54+1.13.
The mean preoperative bed days was equaled to 1.18.

Out of 310 patients, 6 patients (1.9%) were re-
hospitalized to stop lymph leakage.

The total postoperative mortality was due to 7
patients (2.3%) after abdominal surgeries. According
to clinical data and post mortem examination, the im-
mediate cause of death was: multiple organ failure - 4
patients, PATE — 2 patients, respiratory failure at the
background of pneumonia — 1 patient. Analysis of
those fatal cases showed that all patients had lymphatic
leakage over 150 ml a day lasting from 1 to 2 weeks.

In a group of patients with lethal outcome, lym-
phocyte count varied between 1.9 and 11.9% while
protein decreased from 45.2 to 36.6 g/1.
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Ta6auna 4. Cpoku Jie4eHus1 B IOCIE0NEePANHOHHOM IEPHO/IE.

Table 4. Postoperative treatment duration.

Type of Surgery Average treatment time
Inpatient Outpatient

Wertheim operation 19.8+1.4 -
Cystectomy 18.5+1.9 4.6+ 1.0
Ducuing—Melnikov’s operation 17.5+1.5 31.0£1.21
Radical mastectomy 16.3+1.2 47.0+1.43
Abdominoanal resection, abdominoperineal resection, or anterior resection of rectum 14.8£1.1 8.9+2.03
Pulmonectomy or esophagus resection 14.1+2.5 -
Pancreaticoduodenal resection 13.5+1.5 -
Removal of a mediastinal tumor 13.0+1.9 -
Axillary lymph node dissection 12.1+1.0 5.6+ 1.15
Removal of a retroperitoneal tumor or nephrectomy 10.4+1.7 -
Prostatectomy 9.9+1.6 7.8+ 1.12

IIpumeuanue. Average treatment time — cpejiHue CpOKH JieueHst; inpatient — crarmonap; outpatient — amOysratopHo.

I[Tpu BeIpakeHHOI TTOTEpe TUMGBOIUTOB 1 OeJIKa
HMeeTCsT PUCK MHPHUIUPOBAHUST TUM(BOKUCT, 0COOEH-
HO IIPHU MHOTOKPATHBIX NYHKIHWAX Yy IMMallMEHTOB C
COIYTCTBYIOIUM caXapHbIM auaberom. Takum oGpa-
30M, I[IPOIECC JIeUeHUs TIPU BbIpaKEeHHOU JinMbopee
PE3KO YIJIMHSETCS.

Cpoku npeObIBaHKS B CTAHOHAPE U MOCTIEO0TIe-
paIMOHHAS IETAIBHOCTh. Harboee mpo1o/KuTe h-
HBIM 1IpeObIBAaHKEM B CTAI[IOHAPE XapaKTePU30BAIUCH
MaIMenTHhl TTocye onepanuu BepTreiiMa u UCTIKTO-
MU, aMOYJIaTOPHO JIOJIBIIE BCETO JIEUMIUCH TAI[HEeH-
ThbI ITOCJI€ PA/IUKAJIbHBIX MAaCTIKTOMUU U HaXOBO-6e[[-
peHHbIX JuMboauccexiuii (Tada. 4).

Cpennuii KOKO-/IeHb 110 CTAIMOHAPY Y HalueH-
ToB cocrasui 14,53+1,36, cpeanee amOyJiaTopHOe
HabGmozenue cocrasuno 9,54+1,13 nuga. Cpennumii
MIpe/IoNePAIMOHHBIN KOIKO-/1eHb coctaBui 1,18.

M3 310 60sbHbIx 6-1 nanuenTam (1,9%) norpe-
6GoBaJIACh MOBTOPHAST TOCITUTAIU3AIIHUS, JIJIST JIEUEHNS,
CBSI3AHHOTO HEMOCPEACTBEHHO € TUMGPOUCTEYEHUEM.

OObiiast TocIeonepamoHHast JIETATBHOCTD COCTa-
Busa 7 genosex (2,3%). Bee maruenTs mocie morocT-
HBIX oniepaiii. HerocpencTBeHHOM IPUUNHON cMepTH,
110 KIIMHNYECKUM JaHHbIM U JaHHBIM 11aTOJIOTO-aHaTO-
MUYECKOTO UCCJICIOBAHUS, CTAJIN: TIOJTMOPTaHHAS HEZIO-
CTaTOYHOCTH — 4 uesioBeka, TOJIA — 2 yesioBeKa, JbIXa-
TeJbHas HEJJOCTATOYHOCTDh Ha (DOHE MHEBMOHNHT —
1 yesioBeK. AHAJIN3 HTUX CMEPTEJILHBIX MCXO/IOB TIOKA3aJT,
YTO y BCEX MaruenToB Jumdopes mpesbiiiaia 150 mi B
CYTKH, /yinsiach ot 1 10 2 nenelb.

YcTaHoBWIIH, YTO YPOBEHD JTMM(MOIIUTOB Y yMep-
mux xKosebascs ot 1,9 no 11,9%, a cogepkanue Geska
CHIKAITOCh OT 45,2 110 36,6 T/71.

[Momyuentble naHHble MOATBEP/KIAOT AKTYAJb-
HOCTB KOHTPOJI 32 JIMM(POTIOTEPSIMU B TIOCTIEOTIEPAITIOH-
HOM TIEPHOJIE U CBUIETENIBCTBYIOT O 1[€JIeCO0OPAZHOCTH
TIPOBEICHNUS AATLHEUTITIX NCCICTOBAHUN OCJIOKHEHUI 1
JIETAJIbHBIX UCXOJIOB Y TIAIIMEHTOB C JIM(OPeeii.

3akaoueHue

HOCJICOHepaHI/IOHHbIe OCJIOJKHEHU A, CBA3aHHbIE
C BBIPDAKEHHBIM U JIJIUTEJIbHBIM JII/IM(I)OI/ICTe‘{eHI/IGM,
JOBOJIBHO YaCTO BCTPEYAIOTCA IIOCJIE onepaunﬁ y

The data obtained confirm the relevance of post-
operative monitoring of lymph losses to outcome and
ensure further studies on complications and outcomes
of patients experiencing lymphatic leakage.

Conclusion

Postoperative complications related to severe
and extended lymph leakage occur quite often after
operations in oncosurgery patients and there is no
generally accepted management thereof. In the con-
temporary cancer surgery, it is practically impossible
not to perform the regional lymph node dissection that
lead to postoperative lymphatic leakage. Extended
and severe lymph losses are associated with severe
lymphocytopenia and hypoproteinemia, which mani-
fests in increase of the number of postoperative com-
plications, extends the time of treatment, and assists
development of lethal outcomes.

In case of lymphatic leakage over 100 ml a day in
oncosurgical patients, it is necessary to make up pro-
tein losses; and after 7 days of persistent lymphatic
leakage in such volumes, it becomes necessary to raise
the issue of applying active surgical tactics aimed to
eliminate lymph losses.

OHKOXUPYPTHYECKUX OGOJNBHBIX U HE UMEIOT OOIIepu-
3HAHHOI TAKTUKY JieyeHws1. B coBpeMeHHoiT OHKOXU-
PYpPruu IPaKTHYECKU HEBO3MOKHO OTKA3aThCSI OT
PErnoHapHbIX JTUMQPOIUCCEKIUI, YTO TPUBOAUT K
nocJeornepainontoii suMbopee. Ilpu niaurenpHbIx 1
BbIPAKEHHBIX TUMPOIIOTEPSIX TPOUCXOAUT BbIPASKEH-
Hast JUMOOIUTONEHUSI U TUIIOTPOTEUHEMUST. ITO
BBIPA)KAETCS B YBEJIMYEHUN KOJUYECTBA IT0CIeorepa-
I[UOHHBIX OCJIOKHEHUH, YIJIUHSIET BPEMSI JIEUeHUST U
croco6CTBYET Pa3BUTHIO (PaTAIBHBIX HCXOA0B

[Tpu mumdopee 60stee 100 MJ1 B CYyTKHY y T1aI{iEeH-
TOB OHKOXHMPYPTUYECKOTO TIPODUIIsT HEOOXOMMO BOC-
noJiHeHne GEJKOBBIX TOTEPbH, a TOcje 7 CYyTOK, TIpU
HeKyTupyeMoii umdopee B Takux oObeMax, BO3HU-
KaeT HeoOXOUMOCTb B TIOCTAHOBKE BOMIPOCA O ITPUME-
HEHUW aKTUBHOI XUPYPrUYeCKON TAKTUKH, HAIIPAB-
JIEHHOII Ha JIMKBUIAIIUIO TUMQPOIIOTEDD.
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Venemnpliii HCX0/ OCTPOro OTPABIEHHS SII0M
senenoii Mamobl (Dendroaspis viridis) k1MHuYecKoe HAOIIOIEHHE

A. P. Hacubymmuna', A. H. Jlogsrun?, B. A. Brosus',
H. E. ®umunmosa?, b. B. Barorsipenos?, C. U. Tnymkos?
! Topoackast kinnudeckas 6osbHuia Ne7,

Poccust, 420103, 1. Kazams, yir. Mapmnana Yyiikosa, 1. 54

2 HUU ckopoii momoru um. V. U. [xxanenuzse,
Poccust, 192242, 1. Cauxr-ITerepOypr, yir. Bypanenrrckas, a. 3

Favorable Outcome of Severe Poisoning
by Snake Green Mamba (Dendroaspis viridis) Clinical Case

Aliya R. Nasibullina!, Alexey N. Lodyagin? Vladimir A. Vdovin?,
Nataliia E. Filippova?, Bair V. Batotsyrenov?, Sergey 1. Glushkov?

1 City Clinical Hospital Ne7,
54 Marshal Chuikov Str., 420103 Kazan, Russia
2 1. I. Dzhanelidze Saint-Petersburg Research Institute of Emergency Medicine,
3 Budapeshtskaya Str., 192242 Saint-Petersburg, Russia

JlanHoe KIMHIYECKOe HabJII0/IeHITe OCTPOTO OTPaBJIEHUs TTocie YKyca 3Men Dendroaspis viridis mHTEpecHo B
CBSI3M C €T0 PEIKON BCTPEUaeMoCThI0 B Poccunt 1 0COOEHHOCTSIMU TEPATIEBTIYECKON TAKTHKI: MHTEHCHBHAST TePaTIHsT
NPOBOANJIACH (€3 MCIIOIb30BaHUS Crieln(UIeCKON aHTUAOTHOI Tepaliiy BCJEACTBUE OTCYTCTBUSA aHTHA0Ta. B Kin-
HUYECKOI KapTUHE MTPEBATUPOBAJIN TIPU3HAKM TOKCUYECKOI MUOTIATUN C TIAPE30M CKEJIETHO U JIbIXaTeJIbHOI MYyC-
KyJIaTypbl IIPUBEIIEI K PA3BUTUIO OCTPOM JbIXaTEJIbHON HEJOCTATOUHOCTH 1 METabOJIMYECKIM PACCTPONCTBAM.
OnrcatHble MPOIECChl 00YCJIOBIEHbI IEHCTBIEM JEHAPOTOKCUHOB CO CBOMCTBaMU GJI0KATOPOB KaJIMeBbIX KaHAJIOB
U MHIHOUTOPOB alleTUIIXOJMHICTEPAsbl, BXOAAIIMX B COCTAB s1/1a 3Meu. IHTeHCHBHAs Tepalins BKJIYala npoBeje-
HIE a/IEKBATHOM COCTOSTHUIO CHHAPOMAJIbHOI Tepaliiu, HalpaBJeHHON Ha MO/IepsKaHie CUCTEM KU3HEOOEeCTIeueH st
(nporesuposatue HYHKIMN AbIXaHUs 1 KPOBOOOPALIEHMUS ), aHTUOMOTUKOTEPAIIUIO U [IECEHCUOMIM3UPYIOIIee Jiede-
HUe, ¥ KOPPEKIINIO METAOOTMIECKUX HAPYIIIEHI MyTeM BBEJECHNUS MPEapaToB ¢ aHTUTHTIOKCAHTHBIM/aHTHOKCH-
JIaHTHBIM MEXaHU3MOM JeiicTBus. [[puMeHeHHas KOMILIEKCHas! Tepanus obecrieunsia O1aronpusaTHbII HCXO/ OCTPOTO
OTPaBJIEHUS SIJIOM 3€JIeHON MaMObl 1 103BOJIMJIA N30EKATh Pa3BUTHSI BO3MOKHBIX OCJIOKHEHUI 6e3 BKJIIOUEHUS B
cXeMmy aHTHUIOTHOTO TIperapaTa.

Kmoueswie cnosa: ocmpuie ompasienist; 10bl, Ykycol 3Metl; 3e1eHast MAMOa; Memaboiuueckue paccmpoucmed; yu-
mognasum; peambepun

This clinical case of acute poisoning due to bite of snake Dendroaspis viridis seems interesting to share because
of its rare incidence in Russia and management peculiarities: the critical care was conducted without specific antidote
therapy due to absence of the antidote.

The prevailing clinical presentation included signs of toxic myopathy combined with paresis of skeletal and
breathing muscles that led to development of acute respiratory failure and metabolic disorders. The processes de-
scribed were induced by the action of snake poison dendrotoxins featuring the activities of potassium channel block-
ers and acetyl cholinesterase inhibitors.

The proper critical care included conduct of syndrome therapy aimed at maintaining life support systems ad-
equately to condition (replacement of the breathing and circulation functions), antibiotic therapy and desensi-
tizing treatment and metabolic care by administration of drugs characterized by antihypoxant/antioxidant
mechanism of action.

The comprehensive therapy applied has resulted in a favorable outcome of acute poisoning by snake green mamba
without development of possible complications even when the specific antidote drug has not been included into the
treatment protocol.

Keywords: acute poisoning; poisons; snake bites; green mamba; metabolic disorders; Cytoflavin; Reamberin
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BBenenne

B MeamummHCKOW mmMTEpaType MepuoandecKu
HOSIBJISIIOTCS PAGOTBI, OTMCHIBAIOIIIE OCTPhIE OTPaB-
JIeHUS BCJIEJCTBHE YKYCOB 9K30THYeCKUX 3Meit [1-4].

B Poccun n ipyrux cTpanax Mupa (3a uckJiode-
HUEM CTpaH Ha Tepputopuu 3amannoil Appukm)
TaKUM 3MesIM OTHOCHUTCSI, B YaCTHOCTH, 3eJIeHasT WU
samnannas mamba (Dendroaspis viridis); xinacc — pern-
TUJIAH; OTPsIL — velnyiiuaTbie; cemelictso — Elapidae;
pox — Dendroaspis. Apeas oburanus 3eseHoil MaMObl
BKJITOUaeT B cebd toro-samannbiii bunun, Ceneradn,
Isuneto, [any, Tam6wuio, TsuHeto, Cheppa-Jleone, Kor-
' Usyap, JIuGeprio, Toro [5]. Mexanusmsr geficTBust
SI7I0B 3Mel ceMelcTBAa acNMIOBBIX BKJIOUAIOT [[BE
IPYIITbI KITMHUYECKUX TPU3HAKOB: MECTHBIE 1 OOIIIHE.
K MecTHBIM TIPOSIBJICHUSIM OTHOCSITCS TIOTEMHEHUE
TKaHeH BOKPYT MeCTa yKyca, IOKAJIbHbIH OTEK, HEKPO3
MOBEPXHOCTHBIX TKaHel. Hanboee omacubiii cuMnTo-
MOKOMILJIEKC 00YCJIOBJIEH HEHPOTOKCUYECKUM JIei-
CTBUEM SI/Ia ¥ XapaKTePU3yeTcsl TPOrPecCUPOBAHIEM
SIBJIEHUH OCTPOH MBIXaTeJbHON HEAOCTATOYHOCTH, a
Takke Pa3BUTHEM KapIUOTOKCUYECKUX W He(POTOK-
cuyeckux cumnToMoB [6-8]. Kommonenramu sja
3eJIeHOH MaMOBI SIBJISIIOTCST HEHPOTOKCUHBL: XOJUHEP-
TMYeCKre TOCTCUHANITUYECKUE —¢-HEHPOTOKCUHBI,
NEHAPOTOKCUHBI, (haCIUKYJTMHBI U MYCKapUHOBBIE
tokcuHbI [9]. CorstacHO JTaHHBIM JIUTEPATYPHI, JTeTalb-
HBIN UCXO/T MOKET HACTYTUTD yiKe 4epe3 30 MUHYT OT
MoMenTa ykyca [10]. OxnuM n3 oCHOBHBIX KOMIIOHEH-
TOB sIJIa 3eJICHOIU MaMObI SIBJISIFOTCS ICHAPOTOKCHHBI,
KOTOpBbIE OTHOCATCSI K KJIacCy TMPeCUHANTUIECKUX
HEUPOTOKCHHOB, OJIOKMPYIONIIX ONPeIeIeHHbIE TO/-
TUTIBI TIOTEHIIMAI3ABUCUMBIX KaJUEBBIX KaHAJOB B
HelipoHaX, TeM CaMbIM TIOBBIIIAsT BBICBOOOKICHIE
aleTUJIXO0JIMHA B HePBHO-MbIIIeYHbIX cuHarcax [11].

Ha panneit cramnm B MecTe yKyca OTMeYaeTcs
JKTydas 60JIb M HapacTarolIMii OTEK BOKPYT PaHbl, B
JaJbHEIeM BO3MOKHO pasBuTHe Hekposa. Obmrie
CUMIITOMBI TIPOSIBJISTIOTCS B BUJE aTaKCWU (TIOTEPsI
KOOPJIMHAIIUY JIBUKEHUIT ), TONTHOTBI, PBOTHI, TOJIOB-
HOH 00JI1, TOJIOBOKPY KEHUST, 3aTPYAHEH S [IbIXaHNI,
apTepUAJbHON THIIEPTEH3UU, [Uapeu W Mapajmya
MBITII. Be3 mpoBefeHus aHTUAOTHON Tepanuu, B
JAJTbHENTIIEM, OTMEYaeTCsT TPOrPEeCCUPOBAHUE TOKCH-
Yyeckux NposBiaeHui. JleTanbHblii MCXox 0OBIYHO
HacTymaer oT acUKCUU, BBI3BAHHON TapajlndoM
JIBIXATETbHBIX MBI [3].

[To marABIM 3amagHOTO MHCTUTYTA TOKCUKOJIO-
run . Can-/[uero, B panHeii cTaAy OCTPOTO OTPaBJIe-
HIUSI PEKOMEH/IOBAHO HAJTOKeHHe OaHIasKHO TOBSI3KU
1 TMWHBI Ha TTOPAKEHHYI0 KOHEYHOCTh. OCHOBOH ke
JiedeOHBIX MEPOTIPUSITUI NP OCTPBIX OTPABJICHUIX
BCJIEJICTBHE YKYCa 3€JIeHOM MaMObl 10 yKa3saHHBIM
JTAHHBIM SIBJISIETCSI TPOBEICHNE aHTUIOTHOM Tepanuu
MTPOTUBO3MENHON CBIBOPOTKOI, TIPH TSZKEJTBIX (hopMax
OCTPBIX OTPABJIEHUN 71032 MOKET COCTABJATH 70 12
(maxonos [10]. Hapsamy ¢ atTnuM Tepanus mpu oTpas-
JIEHUW BCJIE/ICTBUE YKYCOB 3MeH 3aKII0UaeTCs B TIPO-

Introduction

From time to time, papers appear in medical lit-
erature, which describe acute poisoning because of
bites of exotic snakes [1-4].

In Russia and other countries of the world (with
the exception of West Africa’s countries), such snakes
include, in particular, green or western mamba (Den-
droaspis viridis); class — Reptilia; order — Squamata;
family — Elapidae; genus — Dendroaspis. The green
mamba’s range includes south-west Benin, Senegal,
Guinea, Ghana, Gambia, Sierra Leone, Cote d’'Ivoire,
Liberia, Togo [5]. The mechanisms of action of Elapi-
dae snake poisons include two groups of clinical signs:
local and general. The local presentation includes dark-
ening of skin around the bite site, surface tissue necro-
sis. The most dangerous symptom group is related to
the neurotoxic effect of poison, characterized by pro-
gressing acute respiratory failure and development of
cardiotoxic and nephrotoxic symptoms [6—8]. The
components of green mamba’s poison are neurotoxins:
cholinergic postsynaptic ¢-neurotoxins, dendrotoxins,
fasciculins, and muscarinic toxins [9]. According to the
literature, the fatal outcome might occur as early as 30
minutes of the bite [10]. One of the main components
of green mamba’s poison is dendrotoxins, which belong
to the class of presynaptic neurotoxins blocking spe-
cific subtypes of potential-dependent potassium chan-
nels in neurons, thus increasing release of acetylcholine
in neuromuscular synapses [11].

At an early stage, in the bite site, burning pain and
growing edema around the wound are observed,; later,
necrosis might develop. General symptoms manifest as
ataxia (loss of motion coordination), nausea, vomiting,
headache, dizziness, shortness of breath, arterial hyper-
tension, diarrhea, and muscular paralysis. In the ab-
sence of antidote therapy, further progress of toxicity is
later observed. The fatal outcome is usually caused by
asphyxia due to paralysis of breathing muscles [3].

According to San Diego Western Institute of
Toxicology, bandaging and splinting of the affected
limb are recommended at an early stage of acute poi-
soning. Pursuant to the said data, the management of
acute poisoning from green mamba’s bite should be
based on antidote therapy with anti-ophidic serum at
a dose up to 12 bottles in the cases of severe acute poi-
soning [10]. Complementary therapy for snake bite
poisoning includes an infusion desensitizing therapy
with corticosteroids [3].

The present clinical case of acute poisoning after
a bite by snake Dendroaspis viridis is interesting be-
cause of its rare incidence in Russia and management
peculiarities: the critical care was conducted without
specific antidote therapy due to absence of the antidote.

Clinical Case

Patient T., born in 1972, Inpatient Case Record
#4217242, was delivered by ambulance to City Clinical
Hospital No. 7, Kazan, 8.06. 2018.
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BejleHU UHMY3UOHHOM, JleCeHCUOMIU3UPYIOIiei
Teparui, ¢ UCIOJIb30BAaHUEM KOPTUKOCTEPOUIOB [3].

JlanHoe KJIMHUYECKOE HAOJIO/IEHHE OCTPOTO
oTpaBJieHHs 1ocyie ykyca 3ameu Dendroaspis viridis
MHTEPECHO B CBSI3U C €0 PEJKON BCTPEUAEMOCTBIO B
Poccun 1 0cO6EHHOCTAMY TEPANIEBTUYECKON TAKTUKH:
WHTEHCUBHASI T€PAITUs TPOBOIUIACH O€3 UCIT0JIb30Ba-
Hug crenuduyeckoil aHTUAOTHON Tepannuu BCJie]l-
CTBUE OTCYTCTBUS aHTH/IOTA.

Kaunnueckoe Ha6JIIOI[eHI/Ie

Tammment T., 1972 toma poxmenus, Ne MKCDH
4217242, 6b11 mocTaBjieH OpUTanoii CKOpoii MeAUIMHCKON
nomoriu B fopozickyio kimundeckyio 6osbruiry Ne7 roposa
Kazann 8.06. 2018 1.

13 anamuesa 3a6oseBaHus: CO CJIOB MAIMEHTa, Cep-
nexroJora-aoouresns, 8.06. Bo BpeMs «00IIeHnsI» o 3Meeii
OH 3aMeTHJI IPUKOCHOBEHHUE TOJIOBBI 3MEH K CBOEMY ITpa-
BOMY mpeareunio. [IpuMepHo yepe3 2 MUHYTHI Ha KOXKe B
MecTe COMPUKOCHOBEHMUST GBI OOHAPYIKEHBI J[BE TOYCUHBIE
KPOBOTOYAIIME PAHKU, COOTBETCTBYIOIIE MPOEKIMU 3y00B
3Men. [TarenT caMoCTOsATEIbHO BBIPE3AT MECTO YKYyCa JIe3-
BHEM GPUTBBI, IPIZKET PACKAICHHBIM HOKOM U BBI3BAJI CKO-
pyto niomorib. Bpurana «03» npubsiia yepes 6 MUHYT, uepes
20 MUHYT OT MOMEHTa YKYca 60JTBHON ObLI TOCIUTATU3UPO-
BaH B CTallMOHAP.

IIpu nocrymieHun: cocTostnie GOJBHOTO PACIIeH UK
KaK TsDKeJIOe, COXPAHSIIOCH SICHOE CO3HAHNE, OPHEHTHPOBAH
B COOCTBEHHOI JIMYHOCTH, BDEMEHHU, IPOCTPAHCTBE, KOHTAK-
TeH. [TanmenT npebsiBIIsI JKaTOObl Ha TYBCTBO BbIPAXKEH-
HOIT caabocTu, HeXBATKU BO3/yXa (3aTpy/AHEHME C/eaTh
BIIOX U BBIIOX), 03HOOAa (CO C€JIOB GOJBHOTO: <«TpSICET
BHYTPU», <OIIyIIIeHUE He CBOETO TeJIas ).

O6bexTHBHO: Bec 75 KT, poct 170 cM, ApIxaHue camo-
CTOATENbHOE, YacToTa Abixanus 20—22 B MUHYTY, ayCKYyTh-
TATHBHO KeCTKOe, XPUIIBI He BbIcayInBatoTcs. Hacsienne
KPOBH KUCJIOPOJIOM 94 % TpH TTo/1ave YBJIAKHEHHOTO KHCJIO-
POJia uepes JIUIEBYIo Macky. [eMoinHaMuKa ctabuibha, A/l
144/78 mm pT. cT., cpemnee aprepuanbroe aasiaenne 100 mm
PT. CT., YacToOTa cepieyHbIX cokparntennii 120 B MuHyTY, cep-
JIeYHbIe TOHBI ICHBIE, pUTMUYHbIE. [T0 KIMHUKO-GHOX M-
YeCKUX MOKa3aTessIM: YMEepPEHHass T'eMOKOHIIEHTPAINs
(remorsiobun 143 r/11, o6liee KOJMYECTBO 3PUTPOLUTOB
4,95%10*12 /51, reMaTOKpUT 44,2), 110BbILIEHKE 001ero Ou-
aupybuna n0 33,1 MMoJb/a, Tunepraukemusi 1o 12,44
MMoJTb,/J1. [To TToKasaresisiM KUCJIOTHO-OCHOBHOTO COCTOSTHUST
B BEHO3HOIT KPOBU Y OOJIBHOTO UMEJIO MECTO HE3HAUMTEIbHbIE
OTKJIOHEHUS OT HOpMBIL: pH — 7,46; HanpskeHve yriieKucaoro
rasa B BEHO3HOW KPOBH 27 MM PT. CT.; ieurmt ocnoBanmii (BE
ecf) (-4,6); HanpsKeHe KIMCIOPO/ia B BEHO3HOM KPOBH 43 MM
pr. cr. OBpaliano BHIMAHE MOBBIIIEHIE COAEPKAHHS JTAKTATA
110 6,0 MMoutb /o1 TTpu Mccie1oBaHUK 2JIEKTPOIMTHOTO GasiaHca
OTMETWJIV CHIKEHUE KOHIIEHTPAIIMN CBIBOPOTOYHOTO KaJIUsT
110 2,0 MMOJTB /1.

Pe3yibrarhl 1 00CyKA€eHHE

CoriacHO PeKOMEHIAIUSIM, [TPEJICTABIEHHBIM B
AJITOPUTMAX BeJleHUs TAIleHTOB C YKYCOM 3eJIeHOi
mam6oii 1. Can-/luero [9] Ha TOpaskeHHYIO KOHeY-
HOCTb 0BT HaJOKeH KryT. MecTHOe JiedeHue
3aKJTI0YAJIOCH B €3Ke/[HEBHBIX IIEPEBI3KAX MECTA YKYCa
1 HAJIOKEHUU TeIapUHOBOM Ma3H.

Anamnesis morbi: according to the patienta, an ama-
teur serpentologist, on 8.06. 2018 during ‘communication’
with a snake, he noticed snake’s head touching his right fore-
arm. Two minutes later, two tiny bleeding wounds consistent
with the snake teeth’s projection were found on the skin at
the point of contact. The patient himself cut out the bite site
using a razor blade, burnt with a red-hot knife, and called an
ambulance. The ambulance team arrived in 6 minutes, and
20 minutes after the bite the patient was delivered to the
hospital.

On admission: the patient’s condition was evaluated
as severe, the patient was still alert, oriented to person, place
and time, cooperative. The patient complained of the feeling
of severe weakness, shortness of breath (breathing in and out
was difficult), shivers (according to the patient: ‘shaking in-
side’, ‘sensation of the body belonging to somebody else”).

Objectively: weight 75 kg, height 170 cm, breathing
is spontaneous, respiratory rate 20—22 per minute, harsh by
auscultation, no rales. Oxygen saturation of blood was 94%
upon wet oxygen delivery via a face mask. Hemodynamics
was stable, BP 144/78 mm Hg., mean arterial pressure 100
mm Hg, HR 120 bpm, heart tones were clear, rhythmic.
Clinical chemistry: moderate hemoconcentration (hemo-
globin 143 g/I, total erythrocyte count 4.95*10%12/1, hema-
tocrit 44.2), total bilirubin increased to 33.1 mmol/I,
hyperglycemia up to 12.44 mmol/l. The acid-base balance
of venous blood in the patient showed minor deviations
from the normal range: pH — 7.46; pressure of CO, in ve-
nous blood was 27 mm Hg; base deficit (BE ecf) (-4,6);
pressure of oxygen in venous blood was 43 mm Hg. Lactate
increase to 6.0 mmol/l was noted. Electrolyte balance
analysis revealed decreased concentration of serum potas-
sium to 2.0 mmol/I.

Results and Discussion

Following to the San Diego recommended manage-
ment paradigm for patients bitten by green mamba [9], a
tourniquet was applied onto the affected limb. The
local care included daily dressing of the bite site and
application of heparin ointment.

The intensive care included: infusion therapy
(Sterofundin 500.0 i/v X 2 times; to address hypoxia-
related metabolic disorders, Cytoflavin 30.0 i/v X 2
times per 400 ml of 10% glucose solution, and Ream-
berin 200.01/v X 2 times a day), desensitizing therapy
(Prednisolone 2 times/day: 90 mg — 8.00, 60 mg —
12.00), Hy-receptor blockers (Omeprazole 40 mgi/v — once
aday), antibacterial therapy (Ceftriaxonum 2 gi/v — once
a day), hypokalemia adjustment (4% KCl solution via
infusion pump at 3.5 ml/hr.), antitetanic serum, anti-
histamine therapy (Sol Suprastini 20 mg i/v once a
day), anticoagulant therapy (Fraxiparine 0.6 subcuta-
neously 2 times a day), Sol Atropini 0.1% — 0.5 ml
subcutaneously.

During the follow-up, on 30 min of admission,
progress of acute respiratory failure (ARF) in the form
of complaints of shortness of breath, spontaneous fasci-
culation of intercostal muscles and right shoulder mus-
cles became evident. Objectively, respiratory rate
increased to 24 per minute, oxygen saturation fell down
to 80% at the background of wet oxygen inhalation.
Due to growing presentation of ARF, the patient was
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VuTencuBHas Teparnus BKIOYAIa: WHOY3UOH-
Hyto tepanuio (crepodynmua 500,0 B/B 2 pasa, ¢
IEJIBI0 KOPPEKIIUK METABO0TMIECKUX PACCTPONUCTB, CBS-
3aHHBIX C TUIIOKCHel, ucnoJb3oBain Lurodaasun
30,0 B/B 2 paza na 400 ma 10% pacTBopa TJIIOKO3bI U
peambepun 200,0 B/B 2 pasa B CyTKK), JeCEHCUOUII-
3UPYIOILYyTo Teparuio (MpeaHu30y0H 2 pasa,/cyT: 90 Mr —
8,00, 60 mr — 12,00), 6;10xaTopsl Hy-perientopos (ome-
npasos 40 Mr 8/8 — 1 pas B cyTKH), aHTUOAKTEPUAJIb-
Hyto Tepanuio (1egrpuakcon 2 r B/B —1 pa3 B cyTKn),
koppeximio runokaauemun (pactsop KCl 4% uepes
unHdysomar 3,5 Mji/4ac), IPOTUBOCTOJIOHIYHYIO ChIBO-
POTKY, aHTUrHCTaMUHHYIO Tepanuio (Sol Suprastini
20 mr B/B 1 pa3 B /ieHb), aHTUKOATYJISTHTHYIO TEPAITAIO
(dbpaxcumapun 0,6 11/x 2 pasa B cytkn), Sol Atropini
0,1% — 0,5 M 11/K.

B nunamuke, yepes 30 MUHYT OT MOMEHTa
HOCTYILJIEHUSI — IIPOTPECCUPOBAHUE SIBJIEHUIT OCT-
poii abixatenbnoit Hepocrtarounoctu (O/[H) B Bujse
KasI00 Ha YyBCTBO HEXBATKU BO3/lyXa, BO3HUKHOBE-
HUS CHOHTAHHBIX (DACKIMKYIATUNA MeKPeOEPHBIX
MBIIII] U MBI TPABOTO Tieda. OGbEeKTUBHO OTMe-
TUJIU YBeJINYEHUE YACTOTHI JIbIXaTeJIbHBIX JIBUKEHUI
10 24 B MUHYTY, CHUKEHUE TI0KA3aTeJs yJIbCOKCHU-
MeTpun 10 80% Ha hoHe MHTASIIIY YBIAKHEHHOTO
kucJsopoa. B cBa3u ¢ napacranuem gasiennii O/[H
GOJIBHOTO TIepeBesu Ha MCKYCCTBEHHYIO BEHTHUIIS-
nuto anmaparom «SAVINA 300» Drager (Tepmanust)
B pexxume SIMV (cuuxpoHusupoBaHHas mepeme-
JKAIOIIASICS IPUHYAUTENbHAS BEHTUISALN ) C T1apa-
Merpamu: FiO, (KoHIleHTpanust KUCJIOPOA B JIbIXa-
tesabHol cmecu) — 40%, [:E=1:3,6, V;=550 mu, Y/1
(uacrora nprxanus) 16 8 mun., PEEP (nonosxkuresns-
HOe jlaBjieHue B KOHIle Bbitoxa)=4,0 cm Boj. ct. C
IeJThI0 MEJIMKAMEHTO3HON ceflalluil U CUHXPOHU3a-
Uuu  AblXaHusa OosbHOrO ¢ anmaparom WBJI
HasHaunau Sol. Na Oxybati 20%. ITocne nauyana
UBJI cocroanue crabunbnoe, 1o ganusiM KOC B
npejenax HopMmaiabHbix 3uavenuit (pH — 7,40,
HanpsiKeHue yriekucyaoro rasza 39 MM prT. crT.,
HATPSKEHUS KUCA0POAa 42 MM PT. CT., U36BITOK
ocuoBanuii (BEecf) (-0,6). MccaenoBanue siek-
TPOJIUTHOTIO COCTaBa IIOKA3JI0, YTO COXPAHSJIOCHh
cHmkenune kamug o 2,1 mMmouab/n. B kauectse
METO/Ia MEeTOKCUKAIMOHHOW Tepanuu IPOBeJH
ceanc reModuabrpanyy amrapaTom Fresenius Mul-
tifiltrate ¢ remodpuasrpom AV-1000S (Tepmanms).

Yepes 15 vacoB 30 MUHYT OT MOMEHTa Hayaja
JedeHusi y OOJBHOTO OTMETUJIU TIOJOKUTETBHYIO
JIITHAMUKY B BUJI€ BOCCTAHOBJIEHUSI CAMOCTOSITEbHO-
O JIBIXaHWs, B CBA3K C ueM GOJIBHOTO MepeBesy Ha
CIIOHTAHHOE JIBIXaHUE Yepe3 MHTYGAIMOHHY IO TPYOKY.
[Tokazatesnpb nyabcokcumerpun 100%. Temomunamu-
yecku crabunen: Al 130/82 MM pr. cT., yacToTa cep-
JIeUHBIX COKpaleHuii 88 yzapoB B MUHYTY, Cep/IeuHbIe
TOHBI IPUTITYTIEHbBI, puTMUYHbL Yepes 1 yac y 60Jib-
HOTO TIOSIBUJIACH PEAKIS HA MHTYOAI[MOHHYTO TPYOKY,
OTMETUJIN BOCCTAHOBJIEHIE POTOIJIOTOYHOTO pedhiek-
ca u MblilieuHoro Tonyca. [locse mpoBeenist canarym

switched to artificial lung ventilation with SAVINA
300, Drager (Germany), SIMV (synchronized inter-
mittent mechanical ventilation) mode with parameters:
FiO, (concentration of oxygen in inspired air) — 40%,
LLE= 1:3.6, V;=550 ml, RR (respiratory rate) 16 per
minute, PEEP (positive end expiratory pressure)=4.0
cm water column. For pharmacological sedation and
synchronization of patient’s breathing with the artificial
lung ventilation machine, Sol. Na Oxybati 20% was pre-
scribed. After initiation of artificial lung ventilation, the
condition was stable; according to data, the acid-base
balance was within the normal range (pH — 7.40, pres-
sure of carbon dioxide — 39 mm Hg, pressure of oxy-
gen — 42 mm Hg, base excess (BEecf) was (-0.6).
Electrolyte composition analysis showed that low
potassium at 2.1 mmol/l persisted. As a detoxicative
technique, a session of hemofiltration using Fresenius
Multifiltrate apparatus fitted with hemofilter AV-
1000S (Germany) was conducted.

15 hours and 30 minutes after commencement of
care, positive dynamics was observed in the patient,
such as restoration of spontaneous breathing, and the
breathing was switched to spontaneous breathing
through airway. Oxygen saturation was 100%. Hemo-
dynamics was stable: BP — 130/82 mm Hg, HR — 88
bpm, heart tones were beats were muffled, rhythmic.
1 hour later, the patient exhibited response to the air-
way, restoration of oropharyngeal reflex and muscle
tone was observed. After performance of oropharyn-
geal tracheobronchial tree sanitation, tracheal extu-
bation was conducted without any technical
difficulties. 10 minutes after extubation, respiratory
rate was 18 per minute, hemodynamics was stable with
BP — 125/78 mm Hg, HR — 92 bpm, oxygen satura-
tion in venous blood — 99% at the background of wet
oxygen delivery via nasal cannulas. The patient was
alert, oriented to person, place and time, judgement
was intact. There were complaints of severe weakness,
pain in the bite site. To decrease alpha-amylase (it was
increased to 333 U/I), antiproteolytic therapy was
commenced (Aprotex 50000 i/v 2 times a day).

17 hours after application, the tourniquet was re-
moved from the right shoulder; however, at 1 hour of
its removal, drastic aggravation of the patient’s condi-
tion related to ARF progress was noted. The patient
complained of ‘suffocation feeling’ (Could not fully
breath in and out). Concurrently, progress of myopa-
thy symptoms was detected, which manifested in bi-
lateral eyelid ptosis and spontaneous muscle
contractions. On the part of cardiovascular system,
growing tachycardia (up to 128 bpm) and arterial hy-
pertension (up to 140,/90 mm Hg) were observed, the pa-
rameters of gas composition of venous blood being: pH
7.47, pressure of carbon dioxide — 37 mm Hg, pressure of
oxygen — 45 mm Hg, base excess (BEecf) — 3.2 mmol /1.
Lactate was increased to 5.0 mmol /1.

In connection with growing presentation of ARF,
tachypnea at 27-28 per minute, saturation at the
background of wet oxygen deliver was decreased to

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 2



DOI:10.15360,/1813-9779-2019-2-21-26

Kanungeckas mpakTuka

Tpaxeo- GPOHXUATBHOTO JIEPEBA U TIOJIOCTH POTOTJIOT-
KU TIPOU3BEIU 9KCTYOAIUIO Tpaxen 6e3 TEXHUIECKUX
tpyanocreil. Yepes 10 MUHYT 110CI€e 9KCTYOAUT —
YacTOTAa JbIXaTeIbHbBIX ABMKEHUI 18 B MUHYTY, remMo-
muHamMudecku crabuien ¢ AJl 125/78 mm pr. cr.,
4acToTa Cep/leYHbIX coKpanienunit 92 yi/MuH, mokasa-
TeJh MYyJbCOKCUMETPUU BEHO3HOI KpoBu 99% Ha
nojlaye YBJIAKHEHHOTO KUCJIOPOIA 4Yepe3 HOCOBbIE
kanionu. Co3HaHue sICHOE, OPUEHTHPOBAH B IIPO-
CTpaHCTBE, BpeMeH U, COOCTBEHHOM IMYHOCTH, KPUTHU-
Ka coxpanena. yKaso6bl Ha BHIPAKEHHYIO CJIabOCTb,
6osu B obactu ykyca. C 11eIbi0 CHUKEHWS YPOBHS
anbda-amuiasbl (nosbimena 10 333 U/l) mauanu
aHTUIpoTeoIuTHYecKyIo Tepamnuio (Anporerc 50000
B/B 2 paza B CyTKH).

Uepes 17 yacos 110cJ1e HAJIOKEHUS KIYT CHSIN C
[IPABOro T1JI€Ya, OJIHAKO Yepe3 1 yac oT MOMeHTa ero
CHSITUSL Y OOJIbHOTO OTMETHJIM PE3KOe yXYIIIeHue
COCTOsTHUSI, OOYCIOBIEHHOE HApacTaHUEeM SIBJIECHUIT
O/IH. BonbHoii skamoBaics Ha «OITYIEeHUs YAy IIbsT>
(«He mory cnenaTh noJsiHblil BOX U BeIIOX» ). Hapsy
C 9TUM BbISIBUJIH IIPOTPECCUPOBAHIE IPH3HAKOB MHO-
HATUH, YTO TPOSBJSIOCh B (POPMUPOBAHUU HTO3A
000MX BEK U CIIOHTAHHBIX MBIIIEYHBIX COKPAIEHUSIX.
Co CTOPOHBI CEPIIEYHO-COCYIUCTOI CHCTEMbI OTMeYa-
s Hapacranue Taxukapanu (1o 128 yu/mun) u apre-
puanbhoit rutieprenzuu (10 140/90 mm pr. ct.). [lpu
9TOM II0KA3aTeNId ra30BOTO COCTABA BEHO3HON KPOBU
6buiu: pH 7,47, HanpsiKeHue yIIeKUCeIoro raza 37 MM
PT. CT., HAMTPSIKEHUE KUCTIOPOJIA 45 MM PT. CT., U30BITOK
ocrnosanuii (BEecf) 3,2 mmoub /1. Perncrpuposaim
MOBBIIIEHIE COAEPKAHUS JTaKTaTa 10 5,0 MMOJIb /I,

B cBa3u ¢ napacranuewm siinenuit O/IH, Taxun-
HO3 € 4acTOTOl 27—28 B MUHYTY, YPOBEHB CATypalluu
Ha 0/[a4e YBJIAKHEHHOTO KUCJI0PO/IA CHUSUJIICS 10
75%, GoxbpHoTo mepesesn Ha WBJI ammapatom
Drager Savina 300 B pexkume SIMV ¢ napamerpamu
Fi0,=40%, 1:E=1:3,6, V;=550 mxn, Y/l 16 B MuH.,
PEEP=4,0 cm Boa. cr. [IpixaHue NpoOBOAUIIOCH C
obenx cropoH 1o BceMm oraenam. Yepes 20 MUHYT
nocJe nepesoga 6onbHoro Ha MBJI orMeTniun HOp-
Masusaiuio moxkaszarenaeit KOC.

Ha 3-u cyTku oT™MeTHIIN [TOJIOKUTETBHYIO TUHA-
MUKY B COCTOSTHUH 60JIbHOTO. B ¢BsI3U € TOSIBICHIEM
peakiy Ha MHTYOAIMOHHYT0 TPYOKY, BOCCTaHOBJIE-
HUEM POTOTJIOTOYHBIX pedJEKCOB U MBIIIEYHOTO
TOHYyCa MPOU3BEJIN IKCTYOAIHIO Tpaxen 6e3 TexXHIde-
CKHUX 0COGEHHOCTE].

CosHanue Ha ypOBHE SICHOTO, OPUEHTUPOBAH BO
BPEMEHH, IPOCTPAHCTBE U COOCTBEHHOMN JIMYHOCTH, KPHU-
TUYeH K CBOeMY cocTosgHuIo. 3pauku D=S, ¢oTtopeak-
1HsT JKuBast. BMecte ¢ TeM, COXpaHsIUCh 5KaI00bl Ha 3pH-
TeJIbHbIE TAJUTIONMHAIIY B BU/IE TAJIAIONTIX [TPEIMETOB,
MEJIKUX MYIIEK Ha TOTOJIKE M JKIYy4yio 60JIb B TIPaBOil
KHUCTH U IJIeve. [a/TionnHanum KynupoBaJuch CaMo-
CTOSITEJILHO HA 4-€ CYTKM OT MOMEHTA TOCTIUTATIU3ATIIHH.

B teuyenue 10 cyTok 0T MOMEHTA rOCIIUTAIU3AINN
HAIFEHT HAXO/IJICS B OT/IEJIEHUY PEAHUMAIINHY, TTIe TIPO-
BOIMJIN UH(BY3HOHHYIO, I€3UHTOKCUKAIIMOHHYIO Tepa-

75%, the patient was switched to artificial lung venti-
lation with Drager Savina 300 machine in SIMV
mode with parameters: Fi0,=40%, I:E=1:3.6, V,;=550
ml, RR 16 per min.,, PEEP=4.0 ¢cm water column.
Breath sounds were heard bilaterally through all com-
partments. 20 minutes after the patient was switched
to artificial lung ventilation, normalization of the acid-
base balance was noted.

On day 3, positive dynamics in the patient’s con-
dition was noted. Since the response to the airway,
oropharyngeal reflex and muscle tone have been re-
stored, tracheal extubation has been performed with-
out any technical peculiarities.

The patient was alert, oriented to person, place
and time, judged his condition. Pupils D=S, photoreac-
tion was live. At the same time, the patient still had
complaints of visual hallucinations in the form of falling
objects, fine spots on the ceiling and burning pain in the
right hand and shoulder. Hallucinations resolved spon-
taneously on day 4 of admission to the hospital.

On day 10 from admission, the patient stayed in
the ITUC unit, where infusion and detoxicative thera-
pies, and monitoring of vital parameters (cardiomon-
itoring, saturation) were performed. For adequate
management of the bite site wound, the patient was
attended by a vascular surgeon, along with a toxicol-
ogist and critical care physician. Wound dressing with
application of heparin ointment was carried out on a
daily basis. The bite site did not disturb the patient
anymore (there was no pain, the color was physiolog-
ical, the temperature was normal). Considering con-
dition stabilization, the patient was transferred to the
toxicology unit in a state of moderate severity. In the
toxicology unit, the patient continued to receive the
infusion therapy, antibacterial therapy, local dressing
and application of heparin ointment.

The patient was discharged on day 17 after hospi-
talization. At the time of discharge, the patient received
recommendations that included follow-up by a surgeon
and a therapist at local outpatient facilities, blood chem-
istry check (ALT, AST, AMY, BIL T) in one month.

The present clinical case of development of a rare
acute poisoning after a bite by snake Dendroaspis
viridis agreed with the available descriptions [2—4, 10,
11]. The prevailing clinical presentation included
signs of toxic myopathy combined with paresis of
skeletal and breathing muscles that led to develop-
ment of ARF and metabolic disorders, neurotoxic re-
sponse. The processes described were induced by the
action snake poison that contains dendrotoxins, which
are potassium channel blockers, fasciculins inhibiting
acetyl cholinesterase and causing neuromuscular
block. The hallucinatory reaction might be explained
by anticholinesterase effect of mamba’s toxin.

Conclusion

Due to absence of specific antidote therapy, the in-
tensive care included adequate, syndrome therapy aimed
to maintain life support systems (replacement of the
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T, MOHUTOPUPOBAJIN KIU3HEHHO BayKHbIE TIOKA3aTEIIN
(KapZIMOMOHUTOPHHI, TTOKa3aTe i catypaiui ). C 11essio
ANICKBATHOTO BEZICHUS PaHbl HA MECTe YKYCa COBMECTHO C
TOKCHKOJIOTOM, PEAHUMATOJIOTOM MallieHTa HabJIroan
COCYZIMCTBIN XUpYpr. Eske/iHeBHO TIPOBOIMIIN TIEPEBSA3KU
paHbl ¢ HATTOKEeHUeM renapuHoBoii Mazu. Ha 10-e cyTtku
OT MOMEHTA TOCTYIIJICHUSI MECTO YKyca He JIOCTABJIAIO0
HEy06CTB TaeHTy (OTCYTCTBOBAJ OOJIEBON CUHIIPOM,
IIBET KOKU — (DPU3NOJIOTMYECKON OKPACKH, HOPMAJIbHOM
TEMIIEPATyPbl). YUUTBIBAsA CTAOUIM3AINIO COCTOSHUS,
MAIMeHTa TIePeBeJI B OT/Ie/ICHIE TOKCUKOJIOTHH B COCTOS-
HUM CPeTHell CTereHn TSKecTH. B TOKCHKOJIOrnuecKoM
OT/IeJIEHUH TIAITMEHTY MTPOIOJLKUIN MH(DY3HOHHYIO Tepa-
TIUT0, AHTHOAKTEPUATILHYIO TEPAITHIO, MECTHO MIPOBOJINIIH
CMEHY TTOBSA30K M HAJIOKEHNE TeTapUHOBOIN MasH.
[TarmenTa Boinucanu Ha 17-e cyTKM OT MOMEHTA
rocriutanusanuu. [Ipu Boimmcke fanbl peKoOMeHIaum
(maburojieHne y Xupypra, Teparesta aMGyIaTopHo 1o
MECTY JKUTEILCTBA, KOHTPOJh OHOXMMUYECKUX MOKa-
zateneit (ALT, AST, AMY, BIL T) uepes mecsir.
JlaHHOe KIMHUYEeCKOe HAGITIO/IEHIE Pa3BUTHS Pejl-
KOTO OCTPOTO OTPaBJIeHsI TIOcJie yKyca amen Dendroaspis
viridis, COOTBETCTBOBAJIO MMEIOIIUMCS OIIMCAHUSIM [2—4,
10, 11]. B xmmHaMYecKoi KapTUHe MTPEBATIMPOBAIIH TTPH-
3HAKU TOKCMYECKOW MUOTIATHH C TIAPE30M CKeJICTHOH U
JIBIXaTEeJIbHON MYCKYJIATYPBbI, TPUBE/IICH K PA3BUTHIO
O/IH u MeTabom4ecKuM paccTpoiicTBaM, HEIPOTOKCH-
geckoil peaiuy. ONMUCaHHBIE TIPOIECCH 00YCTOBICHbI
JEHCTBUEM f/1a 3MEH, BKIIOYAIONIETO JICHAPOTOKCUHBI,
SIBJIAIONIUXCS GJIOKATOPAMMU KAJIMEBBIX KAHAJIOB, (pacIiu-
KyJIUHbI, HHTUOUPYIIHE alleTHIXOJMHACTEPA3Y, BbI3bI-
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breathing and circulation functions), antibiotic therapy
and desensitizing treatment and metabolic care by ad-
ministration of drugs characterized by antihypoxant/an-
tioxidant mechanism of action (Cytoflavin, Reamberin).

The utilized comprehensive therapy resulted in
a favorable outcome of acute poisoning by green
mamba’s poison with no complications developed de-
spite specific antidote drugs were not included into
the treatment protocol.

BAIOIIME HeHPOMBITIedHyTo O10KaLy. [asumouHaTopHast
peaxiiust MOsKeT GbITh 00bCHEHa AHTUXOJMHACTEPASHBIM
NeWCTBUEM TOKCHHA MAMOBI.

3akiaoyenue

B cBsa3u ¢ orcyrerBueM crienuduueckoii aHTu-
JIOTHOI Tepanuyu WHTEHCUBHAS Tepalus BKJIOYATIA
TpOBe/IeHUE aIeKBATHOU COCTOIHUIO CHHIPOMAIBHOMN
Tepanuu, HAPAaBJIEHHOW Ha TOJAEPKAHUE CUCTEM
skusHeobecriedenuss  (mporesupoBanue  (PYHKIMI
JIBIXaHUSA U KPOBOOOPAIIEHNS ), AHTHOUOTUKOTEPATTHIO
U JIeCEHCUOUIU3UPYIOIEe JieueHe U KOPPEKIHIO
MeTaboIMIeCKUX HAPYIIEHUIT Ty TeM BBEIEHUSI TIperia-
paToB € AHTUTUIIOKCAHTHBIM/aHTUOKCUAHTHBIM
MEXaHU3MOM JielicTBust (1uTodIaBuH, peaMOepuH ).

ITpuMeHeHHAST KOMILIEKCHUS Teparusi obec-
neunsia OJIArOIPUSTHBIN UCXOJ OCTPOTO OTPABJIEHUS
SJIOM 3eJIeHON MaMOBI U TO3BOJIUIA U30EKATh Pa3BU-
TUSI BO3MOJKHBIX OCJIOKHEHUU 0Oe3 BKJIOUEHUS B
cXeMy aHTHIOTHOTO Iperapara.
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BKCHCPMMCHTQABHLIC MCCACAOBAHWUIA

IIaTosoruyeckue M3MeHEHHUS B IeUEHU IIPHA OCTPBIX OTPABJIECHUAX KIO03AIINMHOM
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Ienp ucciaeroBaHust: BbIsIBJIEHE ATOJIOTMIECKIX M3MEHEHUH B TIeUeHN HAa PAHHUX CPOKAX JICTBUST KII03AITIHA
M KJIO3AMUHA B COUETAHMH C 9TAHOJIOM JIJIsi COBEPIIIEHCTBOBANUS IUArHOCTHKHI OCTPBIX OTPABJIEHUT.

Marepuasst 1 MeTozbl. ONBITHI TIPOBOAMIN Ha 6ECIOPOAHBIX Kpbicax-camiax (7=15). JKusotubIx pasmesmamn
Ha 3 TPyl 0 5 0cobeil B Kakmoit: 1) KonTposibHas (MHTaKTHBIE KPBICHI); 2) KI03anuH, 3) KI03anuH 1 9TaHoJI.
Knozanun B 103e 150 Mr/Kr Macchl Tejia JKUBOTHOTO BBOJIMJIN TIE€POPAJIBHO MOJI HAPKO30M (XJI0P0JIa3a), KIO3AIUH
(150 Mr/Kr) ¢ 3TAaHOJIOM B /103€ 5 MJI/KT — HepopasibHO. KpbIc BBIBOIUIIN U3 9KCIIEPUMEHTA Yepe3 3 yaca Iy TeM Jie-
Karraiui. OOpasibl TKAHU [IEYE€HN UCCIE0BAIN METOJOM CBETOBOI MUKPOCKOIUU. [Ipu THCTONIOrnYecKoM Hc-
CJIe[OBAaHKK OIIEHUBAIN CJie/yiole MOP(hOIOTHYECKUEe TPU3HAKU: PACCTPONCTBO KPOBOOOpalieHus (Hajiuue
BEHO3HOT0, KAUJIJISIPHOTO U apTEPHAIBHOTO MOJTHOKPOBUSI, MOSIBJIEHIIE BEHO3HBIX KPOBOUJIMAHMIT), OTCYTCTBHUE
OKpAIIUBAHUS SI/IEP, TIBIGYATOCTD U TOIIA3MbI, BAKYOJIM3AI[IIO IIUTOIIA3MbI, HAJIMYNE OYAr0B HEKPO3a, MOSIBJIEHIE
KJIETOYHOIT peakiuu (OOJIbIIOe KOJIMYECTBO JIEHKOIMTOB B 110Jie 3perust ). OLeHKY IPOBONIIN C IPUMEHEHUEM KPU-
tepust Ouiiepa. CyneGHO-XUMIYECKOE UCCIIE0BAHME TPOBO/IIIN HA BEICOKOA(hMEKTUBHOM KUJIKOCTHOM XpOMa-
Torpacde ¢ macc-nerektopoM. OleHUBAIM collepKanne KJI03alnuia, HOPKJIo3anuia M Kiaodanun-N-okcuaa B
CBHIBOPOTKE KPOBH M TOMOT€HTATE TIeUeHU KPbIC.

Pesyabrarsl. B KOHTPOJIBHOIL IPYyIIlie B TKAHU [EYEHU ITATOJIOTMYECKUX M3MeHeHuiT He Habsmoganu. Yepes 3
gaca 1ocJie BBeJIeHUsT KJIO3AITMHA BBISIBIJIN BEHO3HOE TOJTHOKPOBHe. Uepes 3 yaca 1ocjie COBMECTHOTO BBE/IEHUSI
KJIO3AIIMHA ¥ 9TaHOJIa HAOJIIOIa/I BEHO3HOE TOJHOKPOBUE M OTCYTCTBIE OKPAIIMBAHMUS SIIEP TENaTOIUTOB. Bbi-
SIBUJIM, 4TO TIPY COBMECTHOM BBEJIEHUH KJIO3AITMHA U ATAHOJIA COJIEPKAHNE KIO3AITMHA B CIBOPOTKE KPoBHU B 1,94,
kyio3anui-N-okcuza — B 2,3 pasa HUXKe, 4eM IIPU BBeJIEHUH KJI03aMnHa KaK MOHOIIPeIapara, a cojiepkanue HopK-
JI03arnHa — He OTJINYAeTCsI.

3akmouenue. lI3Menenis, BbIsIBJIEHHbIE B I€YEHU, B COYETAHNN C U3MEHEHUSIMU B JIPYTUX OPraHax v pe3yJibTa-
TaMu cy1eOHO-XUMUYECKOTO aHAJIH3a [03BOJISIIOT YCTAHOBUTD (hakT oTpaBieHus Kio3amnuuoM. [loHrnmanme nporec-
COB, POUCXO/ISIIIIUX B OPraHU3Me IIPH MOJ0OHBIX UHTOKCHKAIMSIX, ToMoraeT 6osiee 3hheKTHBHO OKa3bIBATH HOMOIIIb
MOCTPA/IABIINM.

Kntouegvie cnoea: mopghonozuneckie usMeHeHUst; Neuets, KPUMUHALLHbLE OMPAGILEHUS, CYOeOHO -XUMUUECKUL ana-
JU3, KILO3ANUH, IMAHO]L, MEMAOOLUMbL, HOPKIO3ANUH, KL03anuH-N-0Kcuo
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Purpose: identification of pathological changes in the liver at early stages of the effect of clozapine and clozapine
combined with ethanol to improve the diagnosis of this acute exposure.

Materials and methods. The experiments were carried out on outbred male rats (#=15). The animals were
split into 3 groups, 5 animals in each: 1) control (intact rats); 2) clozapine, 3) clozapine and ethanol. Clozapine at
a dose of 150 mg/kg of the animal’s body weight was administered orally under anesthesia (chloralose), clozapine
(150 mg/kg) with ethanol at a dose of 5 ml/kg — orally. Rats were removed from the experiment after 3 hours by
decapitation. Samples of liver tissue were studied using light microscopy. During histological examination, the
following morphological signs were evaluated: blood circulation disorder (presence of venous, capillary, and arte-
rial congestion, appearance of venous hemorrhage), absence of nuclei staining, cytoplasm lumpiness, cytoplasm
vacuolation, presence of necrosis foci, appearance of cellular response (a large quantity of leukocytes per power
field). The assessment was done using the F-test. Forensic chemical analysis was carried out using a high-perfor-
mance liquid chromatograph equipped with a mass detector. The content of clozapine, norclozapine, and clozap-
ine-N-oxide in blood serum and liver homogenate of rats was evaluated.

Results. In the control group, no pathological changes in liver tissue were observed. 3 hours after clozapine ad-
ministration, venous congestion was detected. 3 hours after administration of clozapine and ethanol combination,
venous congestion and absence hepatocyte nuclei staining were observed. It was found that after combined admin-
istration of clozapine and ethanol, the blood serum clozapine was 1.94-fold and clozapine-N-oxide was 2.3-fold lower

than when clozapine was administered as a single drug while the content of norclozapine showed no difference.

Conclusion. Changes detected in the liver, together with changes in other organs and findings of the forensic
chemical analysis, allow establishing the fact of clozapine poisoning. Understanding of the processes going on in the
body during such intoxications helps rendering medical assistance to victims more effectively.

Keywords: morphological changes; liver, criminal poisoning, forensic chemical analysis, clozapine, ethanol, metabo-

lites, norclozapine, clozapine-N-oxide
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BBenenue

OrtpaBiieHUS ABISAIOTCA HA CETOAHSIIHUN JIeHD
OTHOW U3 JUAUPYIONIUX MPUUYNH HACUILCTBEHHOU
cmeptu [1]. Kmozanun (Jreronekc, azaienTH, KJa03a-
PUJT) OTHOCHUTCS K TaK HA3bIBAEMbBIM «aTUITNYHBIM HEH-
poJienitukamy [2—7]. OH MUPOKO TPUMEHSETCS IS
JIeYeHUsI TICUXUUecKuX 3aboseanuii [5—8]. Tlo xumu-
YeCKOMY CTPOEHUIO 9TO TPUITUKINIECKOE COeIMHEHHE,
MOJIEKYJIBI KOTOPOTO MMEIOT 3JIEMEHTBI CXOJICTBA C
npousBoHbiME 1,4-6Gersouasenuna [2, 3]. TIpemapar
MeTtabosusupyercs B rieueHn. B mepBoii asze metabo-
JIM3Ma KJI03aMHa TIPOUCXOAT: N-OKUCTIeHE, IeMETH-
JIMPOBaHMe, TUPOKCUINPOBaHNE, S-okucaeHue [9].
Bo BTOpOII (haze Tpu KOHBIOTAITH TTPOUCXOUT IO~
KypoHU3aIWs (IPUCOeIMTHEHNE 9HIOTCHHBIX MOJICKY.I,
HAXO/ISIIIIXCST B OPraHU3Me ¢ 00pa3oBaHUEM TJIIOKYPO-
H0B) [9, 10]. OcHOBHBIMEU MeTAOOIUTAME KJIO3ATIH-
Ha SBJIAIOTCS JE3METUIKJI03ANNH (HOPKJIO3AMuH) U
kio3anun-N-okcus [2, 3, 9, 10]. [leameTusikao3anun
obpasyetcst moJi BosielicTBueM (GepMEHTOB CUCTEMbBI
mroxpoma P450 (usodbopmer 1A2 1 2D6 1, BO3MOKHO,
uzodopmbl 3A4, 2C9, 2C19), krozanuna-N-okcu —
Mo/1 Bo3zieiicTBreM nutoxpoma P450 (BO3MOKHO, M30-
opmbr 3A4 1 1A2) [11].

Metabosm3M KJI03aliHa IpezicTasier Ha puc. 1 [ 11].

B ro/ioBHOM MO3Te KJIO3aluH MeTabO0JUu3upy-
€TCs 32 CUET KaTaJa3HOTO OKHUCJIeHNS (hJIaBUHCO/EP-
JKalleil MOHOOKCUTIeHa30i ¢ oOpasoBaHMeM KJO3a-
nuH-N-okcnja [12]. Merabousm Kiio3anuHa MOKeT
MPOUCXOJIUTH TTOCPEACTBOM MHEIONEPOKCUIA3HOTO
oxkucyenus [13].

B HacTogiee BpeMs 10CTATOYHO BEJTUKO YHUCJIO
CJTy4aeB UCTIOJIb30BAHMS KIO3AMMHA 3JI0YMBITLICHHH-

Introduction

Poisoning is currently one of the leading reasons
of violent death [1]. Clozapine (Leponex, Azaleptin,
Clozaril) belong to the so-called ‘atypical neuroleptic
agents’ [2—-7]. It is widely used for mental diseases
[5-8]. As regards its chemical structure, it is a tri-
cyclic compound, which molecules have some similar-
ity with 1,4-benzodiazepine derivatives [2, 3]. The
drug is metabolized in the liver. At the first stage of
clozapine metabolism the following takes place: N-ox-
idation, demethylation, hydroxylation, S-oxidation
[9]. At the second stage, during conjugation, glu-
curonization (addition of endogenic molecules, which
are present in the body, to produce glucoronides)
takes place [9, 10]. The main metabolites of clozapine
are desmethylclozapine (norclozapine) and clozapine-
N-oxide [2, 3,9, 10]. Desmethylclozapine is produced
under the action of enzymes of the cytochrome P450
family (isoforms 1A2 and 2D6, and, probably, iso-
forms 3A4, 2C9, 2C19), clozapine-N-oxide — under
the action of cytochrome P450 (probably, isoforms
3A4 and 1A2) [11].

Clozapine metabolism is shown on figure 1 [11].

In the brain, clozapine is metabolized through
catalase-mediated oxidation by flavin-containing
monooxygenase to produce clozapine-N-oxide [12].
Clozapine metabolism might occur by way of
myeloperoxide oxidation [13].

At present, the number of cases is rather high
when clozapine is used by criminals for intentional
profound depression of CNS to commit criminal acts
in respect of victims. Poisoning by this drug is char-
acterized by severity and high mortality [14, 15].
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Fig. 1. Clozapine metabolism.
Note. Cl - clozapine.
IIpumeyanue. Cl — knozanun.

KaMU ¢ IeJIbI0 MIPeJHAMEPEHHOTO TIIyGOKOTo yrHeTe-
Hug [THC ans ocyniecTBieHns KpUMIWHATBHBIX JI€i-
CTBUH TI0 OTHOTIEHUTO K TTocTpagaBmM. OTpaBIeHNs
ATUM TIPENapaToM OTJINYAIOTCS TSKETbIM TeYeHUEM U
BBICOKOI cMepTHOCTBIO |14, 15].

HemnocpenctBerHO TPUYMHON CMEpPTH TTOCTE
npueMa KJjio3annHa Ha 1—2-e cyTKM SIBJISIeTCST MHTOK-
cukanus. K setaspbHOMY MCXOY TTPUBOIAT, TIPEK/IE
Bcero, rpyOble HapylleHUsI romMeocrtas’a, (DYHKIUI
IeHTPaATbHON U TIepudepuIecKoil HepBHOI CUCTEMBI,
a TakXke pa3BUTHE DHJOTOKCUKO3a. Bbliesdgior 1Ba
BapWaHTa TaHATOTeHe3a: Mapajny JbIXaTeJbHOTO
IIEHTPa M OCTPYIO CePCYHO-COCYTNCTYTO HEOCTATOY-
noctsb [16]. Ha 3-6-e cyTku nocsie orpasienus (coma-
ToreHHas ¢asa), OCHOBHBIMU MPUUYNHAMU CMEpPTH
saBastiorcst mHeBMoHNS 1 TAJIA [16—-18].

HaubGoJiee BbIpaskeHHOE yrHETaIOIIEE AeHCTBIE
HA OPTaHM3M YeJIOBEKA OKas3biBaeT KOMOWHAIIMS KJIO-
3alHa M ATAHOJIA, YTO UCIIOIb3YyeTCs ST coBepIe-
HUS TIPECTYNHBIX feficTBri [13].

Kiozamu — ato dhyHKImoHambHbIH si71. Tpaman-
IIMOHHO, B CUJTy CBOEH HEOYEBWIHOCTH, BCE CIydaw,

The immediate cause of death on day 1-2 after
clozapine intake is intoxication. The fatal outcome re-
sults, first of all, from severe disorders of homeostasis,
central and peripheral nervous system functions, and
endotoxicosis development. Two variants of thanato-
genesis are distinguished: respiratory center paralysis
and acute cardiovascular failure [16]. On day 3-6 after
poisoning (the somatogenic phase), the main causes of
death are pneumonia and PATE [16—-18].

The combination of clozapine and ethanol ren-
ders the most prominent depressive effect on human
body, and this is used to commit criminal acts [13].

Clozapine is a functional poison. Traditionally,
due to its non-obviousness, all cases when such poi-
soning is suspected are subject to forensic medical in-
vestigation. At the same time, forensic medical
diagnosis of such poisoning is still difficult up to the
present day. In similar cases, diagnosis is made com-
prehensively taking into account all available data:
the results of visual examination of cadaver and
forensic anatomy, histology and forensic chemical in-
vestigation [14, 15].
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MO/[03pEBAEMbIE Ha TIOJI0OHbIE OTPABJICHUS, MTOJJIEKAT
CyieOHO-MEIUITUHCKOMY HCCeloBanmio. Bmecre ¢
TeM, CyAeOHO-MeIUITMHCKAsT JIMArHOCTUKA TaKUX
OTPAaBJIEHUH /10 HACTOAIIEr0 BPpeMEHU 3aTpy/HeHa.
YeraHoBJIeHE AMATHO32 B OAO0OHBIX CIyYasx Mpo-
M3BOJIUTCS KOMILJIEKCHO C YYETOM BCEX JIOCTYITHBIX
JIAHHBIX: Pe3yJbTaTOB BHENIHETO OCMOTpa Tpyla U
BCKPBITHSI, TUCTOJIOTUYECKOTO U CY1e0HO-XUMUIECKO-
ro ucciaeposanus |14, 15].

CyneGHO-XUMUIECKOe HCCIeI0BAHIE B CITyUastX,
MOJIO3PUTEJIbHBIX Ha OTPaBJieHUe KJIO3AIUHOM, IIPE/l-
craByisieT CcOOOU CJIOKHYIO aHAJTUTHYECKYIO 3a/ady,
MOCKOJIbKY CBSI3AHO C M30JMPOBAHUEM HEOOJBIIOrO
KOJIMYEeCTBA BEIIeCTBa, BBEJEHHOIO B OpPraHU3M, U3
J0CTaTOuHO GOJIbIIOro 0ObemMa Ouomarepuaia [19-21].
Heo6X0mmmMo 0TMETHTb, UTO /ISt KIIO3aINHA XapaKTepeH
Y3KHI TeparieBTHIecKuii ntjekc (6JI1M30CTb TepareBTH-
YeCcKMX M TOKCMUYECKUX KOHIleHTpalui) [2, 3, 22, 23], a
3TO, B CBOIO OYepe/lb, MOKET IOCIYKUTh ITPUYMHOMN,
MHTOKCUKAIIW, B TOM YHUCJIE, CMEPTEJILHBIX, 109TOMY
0coboe BHUMAHUE YEISETCS UCCIEI0BAHIIO OUOKII-
KocTeil (KpOBHY, MOUN ) U BHYTPEHHUX OPTaHOB.

OaHuM U3 OpraHoM-MHUIIIeHel [TPU OTPaBIeHUN
KJIO3AIIMHOM (Hapsy ¢ MO3TOM U JIETKUMU ) SIBJISIETCS
nevens [24—28].

Corsacuo ganubiM, torydyeaHbiMm B HUUW nm.
H. B. CkiudocoBcKoro, y Bcex Iorubumx ot OTpas-
JIEHUWST KJIO3aMUHOM HaOII0a/ICsA O4aroBbIil WK
nuddysubiii creatod. sKuposag auctpodus B
BBIIIEIIEPEYNCIEHHDIX CAyYasX HOCUIA KPYIIHO- U
MeJIKOKAIeAbHBIN XapakTep. B yactu wabmonenuii
U3MEHEHUs TIeYeHU OB OTMedYeHbl Ha (hoHe puar-
HocTupoBanHoro renaruta (B Tom uucie HCV-
atuoJsiorun). Kpome ToOro, yacTp naiueHToOB JJIH-
TeJHHO yHOTPeOJIsiia ICUXOTPOIHBIE MTPETTapaThl ¢
TepareBTUYECKOM 1eJIbI0, YaACTh YMEPIIUX 3JI0YII0-
Tpebusiiin ankoroseM. TeMm He MeHee, B [IOJIOBUHE
HAOIIOMEHU MEJTKOKATIEIBHBII CTeaTo3 MeYeHn He
6611 06YCJIOBJIEH HU OJHOM M3 YKA3aHHBIX BHIIIE
[PUYHNH, TI0O9TOMY MOKHO IyMaTh, 4YTO OH Pa3BUJICS
BCJIE/ICTBUE OJHOKPATHOTO YIIOTPEOIEHIS BBICOKIX
J103 TICUXOTPOITHBIX Ipernapatos [24].

AHanu3 NCTOYHUKOB JIUTEPATYPBI TI0KA3aJ, YTO
YUCIIO TyOIUKAIUI O TTATOJIOTHYECKUX U3BMEHEHMSIX B
[eYeHU [IPU OTPABJEHUU KJIO3AIIMHOM OTPAaHUYEHO.
Kpowme Toro, Takue nsmeHeHns U3y4aauch Ipenmyiie-
CTBEHHO B [1O3/[HIE CPOKU 110CJIE MHTOKCUKAIIU.

[lenp uccsegoBanms: BolgBJIeHNE TATOJOTHYE-
CKMX U3MEHEHMI B Ile4YeH! Ha PAaHHUX CPOKax Jeii-
CTBUS KJIO3AIIMHA U KJI03aIIMHA B COYETAHUU C 9TAHO-
JIOM JIJI1 COBEPIIEHCTBOBAHUS TUATHOCTUKH OCTPBIX
OTpPaBJIEHUI.

MaTepI/IaJI 1 METO/1bl

IKCIepUMEeHTbI IPOBOJMIHN Ha 15 6eCIOPOHBIX KPbI-
cax-camiiax Bospacra 20 nez. maccoit 290—-350 rp. Kusor-
HBIX Pa3/eJUIN Ha 3 TPYNIBI (110 5 KUBOTHBIX B KaXK/0M
rpynie): 1) KOHTpoJib (MHTAKTHBIE KPBICH); 2) KJIO3AIINH;
3) KOMOMHAI[HSI KITO3AIMHA U 9TaHOJIA.

In cases when clozapine poisoning is suspected,
the forensic chemical investigation represents a difficult
analytical problem as it is related to isolation of a small
quantity of the substance administered to the body
from a large volume of biological material [19-21]. It
should be noted that clozapine is characterized by a nar-
row therapeutic index (closeness of therapeutic and
toxic concentrations) [2, 3, 22, 23], which, in turn,
might become a cause of intoxication, including a lethal
one, so a particular attention is paid to analysis of bio-
logical fluids (blood, urine) and internal organs.

During clozapine poisoning, one of target organs
(along with the brain and lungs) is the liver [24—28].

According to the data of N. V. Sklifosovsky Re-
search Institute, all who died from clozapine poisoning
exhibited focal or diffuse steatosis. Adipose degenera-
tion in the above cases was macro and micro vesicle
steatosis. In some cases, changes in the liver were ob-
served at the background of diagnosed hepatitis (in-
cluding of HCV etiology). Besides, some patients had
used psychotropic medication for therapeutic pur-
poses, some deceased had abused alcohol. Nevertheless,
in half cases, microvesicle steatosis of the liver was not
caused by any of the afore-mentioned reasons; there-
fore, it had presumably developed due to a single use
of a high dose of psychotropic medication [24].

Analysis of literature has demonstrated that
there are few publications concerning pathological
changes in the liver during exposure to clozapine. Be-
sides, such changes were studied mostly at a late stage
after intoxication.

Purpose: identification of pathological changes
in the liver at early stages of the effect of clozapine and
clozapine combined with ethanol to improve diagnosis
of these acute exposures.

Materials and Methods

The experiments were carried out on 15 outbred male
rats of 20-week age and 290—350 g weight. The animals were
split into 3 groups (5 animals in each): 1) control (intact rats);
2) clozapine; 3) a combination of clozapine and ethanol.

Clozapine at a dose of 150 mg/kg of the animal’s body
weight was administered orally under general anesthesia (chlo-
ralose); clozapine (150 mg/kg) combined with ethanol at a dose
of 5 ml/kg of the animal’s body weight was administered orally.

The animals of all groups were removed from the ex-
periment 3 later by way of decapitation. Lung tissue samples
were fixed using a standard technique in 4% neutral
paraformaldehyde and then treated following the generally
accepted method. 5 pm-thick histological sections were
made, applied onto slides, and stained with hematoxylin and
eosin. Specimens were studied by light microscopy using
Nikon Eclipse E-400 microscope equipped with a video sys-
tem based on Watec 221S camera (Japan), at 200X and 400X.

Rat blood serum and liver homogenate were studied
by high-performance liquid chromatography-tandem mass-
spectrometry (HPLC-MS/MS) using HPLC chromato-
graph complete with mass detector Agilent Technologies
430 Triple Quad LC/MS (Germany). Chromatograms were
processed using Agilent Mass Hunter Quantitative Analysis
software vers. B 07.00 build 7.0.457.0.
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E)KCHepI/lMCHTaAI)HI)Ie MCCACAOBAHMA

Kitosarus B 103e 150 Mr/KT Macchl TeJia 5KHUBOTHOTO BBO-
JIITH TIEPOPAJIBHO TIO/[ OOIIM HAPKO30M (XJI0POJIasa); KIo3a-
e (150 MT/KT) B COYETaHWN € ITAHOJOM B JI03€ 5 MJI/KT
MAcCBI TeJTa JKUBOTHOTO — IIEPOPAJIBHO.

JKMBOTHBIX BCeX TPYIIT BBIBOJMJIN M3 9KCIIEPUMEHTA
uepes 3 yaca myTeM gekanutarnuin. O6pasibl TKAaHU JETKUX
dbuxcuposanu cTanIapTHO B 4% HeiiTpasbHOM mapadop-
MaJIbjierujie 1 ajiee 00pabaThiBaIM Mo OOIIETPUHSTOH Me-
ToauKe.  VI3roTaBauBajIM  THCTOJOTHYECKHE  CPE3bI
TOJIITMHON 5 MKM, HAHOCHJIN Ha ITPeIMETHBIE CTEKJIA F OKpa-
MINBAJTH TeMOTOKCUJIITHOM 1 903UHOM. IIpenapars nuccie-
JOBAJIM METOJIOM CBETOBOI MHUKPOCKOIIMHI HA MHKPOCKOIIE
Nikon Eclipse E-400 ¢ BumeocucTeMoil Ha OCHOBE KaMephl
Watec 221S (Anonuns) npu yBemmaenun 200X u 400X,

WccnenoBanme CbIBOPOTKH KPOBH U TOMOTEHATa
MeYeHN KPbIC TPOBOJIIIIN METO/IOM BBICOKOI(hheKTUBHOM
SKUJIKOCTHOH Xpomarorpadun ¢ Macc-AeTeKTHPOBAHUEM
(BOKX-MC/MC) na BbIcOK09(PHEKTUBHOM KUIKOCTHOM
xpomarorpade ¢ macc-nerekropom Agilent Technologies 430
Triple Quad LC/MS (Tepmanus). [l 06paboTKu Xpoma-
TOrpaMM MCHoJb3oBaiu mporpammy Agilent Mass Hunter
Quantitive Analysis vers. B 07.00 build 7.0.457.0.

Comep:kanue JKIBOTHBIX 1 PAOOTY ¢ HUMU IPOBONIN
B cooTBeTcTBUN ¢ mpukaszom Mumsapasa CCCP Ne 755 ot
12.08.1977 1. u EBpometickoii KonBentmeii o 3amure mo3Bo-
HOYHBIX KMBOTHBIX, UCIOJIb3YEMBIX [IJIsI DKCIIEPIMEHTOB
WM B MHBIX HayuHbIX nessx (CrpacOypr, 18.03.1986 1.).

CynebHO-XUMIYeCKOe MCCIe0BaHNE TIPOBO/IMIN Ha
BBICOKO2(D(EKTUBHOM JKIIKOCTHOM XpoMatorpade ¢ Macc-
nerexkropom Agilent Technologies 430 Triple Quad LC/MS
(Tepmanus). [l mosydeHMsT XpOMATOTPAMM TTPUMEHSIITH
nporpammy Agilent Mass Hunter Workstation for series
tripple Quadrapole vers. B06.00 build 6.0.6.25.4sp.4. /1151 06-
PabOTKM XPOMATOTPAMM UCIOJIBL30BaJH iporpammy Agilent
Mass Hunter Quantitive Analysis vers. B07.00 build
7.0.457.0. OriennBasy cojiep;kanme KJI03arnHa 1 ero OCHOB-
HBIX MeTab0JIMTOB — HOPKJIO3AIMHA 1 Kito3armiH-N-oKcHIa
B CBIBOPOTKE KPOBH 1 TOMOTEHTATE TI€Y€HH KPBIC COTJIACHO
BAJINANPOBAHHON MeTonKe [29].

Cratuctuyeckas o6paborka aanubix. [Ipu npose-
JIeHUH TUCTOJIOTHYECKOTO NCCIIeJOBAHNS OIleHNBAIN Ha-
JuYye  CJAeAYIONUX MOPQOJOTHYECKUX TNPU3HAKOB:
paccTpoiicTBa KpoBooGpaleHus (Hamdre BEeHO3HOTO, Ka-
MUJJISIPHOTO W apTEPUATBHOTO MOJTHOKPOBHS, MOSIBJICHIE
BEHO3HBIX KPOBOUBJIHUSHUIT), OTCYTCTBHE OKpAIINBAaHUE
sfiep, TIBIOYaTOCTh MUTOIIA3MBI, BaKyOJIM3alUst IIUTO-
IJTa3MBl, HAJTIMINE 09aroB HeKPo3a, MOsIBIEeHNE KJIeTOUHON
peaknuu (60JIBIIOE KOJTMIECTBO JIEHKOIUTOB B TOJIE 3pe-
Hust). O1eHKy IPOBOANIIN ¢ TIpuMeHeHneM kpurepus Du-
mepa. Hannane mprusHaka cYuTAIN ZOCTOBEPHBIMU TIPU
€T0 TOSIBJIEHUH B 4—5 CJIy4asiX B OJHOW TPYTITIE U TOJTHOM
OTCYTCTBUU B JPYTON.

Crarucrudeckyio o6paboTKy pe3yJbraToB XUMuye-
CKOTO MCCJIeZIOBAHUS TPOBOINIIN B IporpaMMe Statistica
10.0.1011x86 st Windows. HopmasibHOCTD pactpeselie-
HUSI BEJIMYMH IIPOBEPSIIN NpHU nomomu Tecta Kosmoro-
poBa-CmupHoOBa. /J[0CTOBEPHOCTDH PA3INUNIT TPOBEPSIIH
npu nomomu U-kpurtepnsa Manna—Yutau. Pasmmamns
MEXKy TPYIIIAMU CUNUTAIN CTATHCTHYECKN 3HAUYNMBIMH
mpu p<0,05

Pe3ysbrarhl 1 00CyKA€eHHE

MOpCI)OIIOI‘I/l‘leCKOC Hccilea0oBaHUEe TKaHH
neyeHu. BbIHBI/IJII/I, 4YTO 4epes 3 gaca mocJe BBe/e-

Animals were managed and handled in accordance
with Order No.755 of the USSR Ministry of Health dated
12.08.1977 and European Convention for the Protection of
Vertebrate Animals used for Experimental and Other Scien-
tific Purposes (Strasbourg, 18.03.1986).

The forensic chemical analysis was performed using
high-performance liquid chromatograph equipped with
mass-detector Agilent Technologies 430 Triple Quad LC/MS
(Germany). Chromatograms were obtained using Agilent
Mass Hunter Workstation for series tripple Quadrapole vers.
B06.00 build 6.0.6.25.4sp.4. Chromatograms were processed
with the help of Agilent Mass Hunter Quantitative Analysis
software vers. B07.00 build 7.0.457.0. The content of clozap-
ine and its main metabolites — norclozapine and clozapine-
N-oxide in rat blood serum and liver homogenate was
evaluated following the validated method [29].

Statistic Processing of Data. During the histological
study, presence of the following morphological signs was
evaluated: blood circulation disorder (presence of venous,
capillary, and arterial congestion, appearance of venous hem-
orrhage), absence nuclei staining, cytoplasm lumpiness, cy-
toplasm vacuolation, presence of necrosis foci, occurrence of
cellular response (a large quantity of leukocytes per power
field). The assessment was done using the F-test. Presence
of a sign was considered reliable when it occurred in 4-5
cases in one group and was completely absent in another.

Statistic processing of the chemical analysis findings
was performed using Statistica 10.0.1011x86 software for
Windows. Normality of distribution was checked using the
Kolmogorov-Smirnov test. Reliability of difference was ver-
ified using the Mann-Whitney U test. Difference between
groups was considered statistically significant at P<0.05.

Results and Discussion

Morphological Analysis of Liver Tissue. It was
found that 3 hours after clozapine administration, liver
veins (including central) were dilated; as regards hepa-
tocytes, nuclei were hypochromic, cytoplasm was
lumpy. Minor isolated necrosis foci were detected. In
these areas, hepatocyte contours were not distinguished
and nuclei were not stained. Presence of hepatocytes
with large nuclei was observed. It was established that
portal tracts (veins and arteries) were moderately con-
gested, bile duct lumens were free. 3 hours after cloza-
pine administration, statistically significant venous
congestion was established (fig. 2, a).

3 hours after combined administration of cloza-
pine and ethanol, portal tract veins were dilated, con-
gested; arteries were moderately congested, bile duct
lumens were free. It was found that most cells had
hypochromic nuclei. In the liver parenchyma, accu-
mulation of segmental leukocytes was observed. Signs
of hepatocyte alteration were detected.

3 hours after combined administration of cloza-
pine and ethanol, the following statistically significant
histological changes were established: absence of nu-
cleus staining (fig. 2, b); venous congestion.

Forensic Chemical Analysis. The findings of
measurement of clozapine and its main metabolites —
norclozapine and clozapine-N-oxide — in blood serum
and liver homogenate of experimental animals are
given in tables 1 and 2.
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HUs KJIO3aIMHA BEHbI TeYeHu (BKJI0Yast [eHTPab-
Hble) OBIJIU PACHIUPEHbl, B YaCTU TenaTolUTOB —
s/pa TUIIOXPOMHBI, IMTOMJIA3Ma — Tyibibuarasi.
O6HapyskuIu HeGOMBIINE OTAETBHBIE OUaTH HEKPO-
3a. B 5TUX yuacTkax KOHTYPBI relaToIToB He Olpe-
JEJISLINCH, a aapa 6butr He okpatierbl. OTMeTHIH
HaJM4yue TernaToiUuToB ¢ KPYIMHBIMU SIIPAMU. YCTa-
HOBWJIY, YTO TIOPTAJIbHbIE TPAKTHI (BEHBI U APTEPUN )
YMEPEHHO TTOJTHOKPOBHBI, TPOCBETHI JKETUYHBIX MPO-
TOKOB cBOOO/IHBL. Uepes 3 aca rociie BBeJICHUST KO-
3aMUHA BBIIBUJIN CTATUCTUYECKH 3HAYUMOE BEHO3-
HOe TIoJIHOKpoBHUe (puc. 2, a).

UYepes 3 yaca rmocjie COBMECTHOTO BBEJEHUS KJIO-
3alliiHa U 9TaHOJA BEHBI TIOPTATILHOTO TPaKTa ObLIM
PacIIupeHbl, TOJHOKPOBHBI; APTEPUN — YMEPEHO M0JI-
HOKPOBHBI, TIPOCBETHI JKEJIUHBIX TPOTOKOB — CBOOO/I-
HbI. BeIsiBIIIM, UTO GOJIBIIASA YaCTh KJIETOK ObLIA C TUTIO-
XPOMHBIMHU st/[pamMiu. B mapenxume medenn HabImo g
CKOTJICHUE CeTMEHTOSAIEPHBIX JeHKoIToB. O6GHapy-
SKUJIU TTPU3HAKY AJIBTEPAITUH TeTIaTOIITOB.

UYepes 3 yaca 1ocjie COBMECTHOTO BBEIEHUST KJIO-
3anyHa ¥ 9TaHOJIA YCTAHOBUIIU CJIEIYIONIIEe CTATUCTH-
YeCKH 3HAYUMblE THCTOJOTUYECKHE W3MEHEHUsI:
OTCYTCTBHE OKparnBanust siziep (puc. 2, b); BeHosHoe
MTOJIHOKPOBIE.

Cyne6Ho-xuMHY€ecKoe uccienoBanue. Pesyiib-
TaThl U3MEPEHUsI COJAEpPKAHMS KJIO3AMUHA U €ro
OCHOBHBIX MeTaBOJUTOB — HOPKJIO3AMUHA U KJI03a-
nuH-N-OKCU/a B CBIBOPOTKE KPOBU U FOMOTeHATe
MeYeH! MOJONBITHBIX JKUBOTHBIX MPEACTABUIN B
tabmu. 1 u 2.

BbisiBusn, 4To B CBIBOPOTKE KPOBU KPBIC MPU
COBMECTHOM TIpU€eMe KJI03aMUHA U dTAHOJIA CO/lepIKa-
Hue kaoszanuua B 1,94, xnosanun-N-okcuga B 2,3
pasa HIKe, YeM MPU IpHeMe KJI03aInHa Kak MOHO-
Mperapara, a cofiepkatie HOpKJI03aruHa — He OTJIN-
vaercst (Taba. 1).

B romorenare 1eyeHu KpbIC CTATUCTHYECKU
3HAYUMBIX PA3JMYUNl B COMEPKAHUM KJIO3AIMHA,
HOPKJIO3ANKMHA ¥ KJI03anuH-N-0KCHia IIpu IIpuMeHe-
HUW KJI03aMUHa U KOMOUHAI[MY KJI03alUHA C 9TaHO-
JIoM He o6Hapyskuu (Taba. 2).

B ocnoBe marosornyeckux —U3MeHEHWUId,
MOSIBJISIBIIIUXCSI B TIEUEHU, BEPOSITHEE BCETO, JIEKUT
pe3Koe TOBBINIEHNE CBEPTHIBAEMOCTH KPOBHU, CBsI-
3aHHOE C CAMUM MEeXaHU3MOM JIefICTBUS KJI03aMUHA.
Peskoe moBbIlllenre arperalmoHHOil aKTUBHOCTU
HPUTPOIUTOB U TPOMOOIUTOB, HABIIOAEMOE TIPU
BBEJICHUM KJIO3aMUHA U €r0 KOMOWHAIIUY ¢ ITAHO-
JIOM, CBS3aHO, BEPOSATHEE BCETO, ¢ bokamoi 5-HT3-
PEIenTopoB B TPOMOOIUTAX, UTO COTJIACYETCS C [aH-
HBIMU JIPYTUX uccaenoBanuii [2, 3]. UsBecTHO, 4TO
KJIO3AITMH BBI3bIBAET X0JIECTAa3 U 30HAIbHbIE HEKPO-
3Bl TETIATOIMTOB BBUY HAPYIIEHUSI MUKPOIIUPKYJIS-
uuu — o0OpasoBaHUs MUKPOTPOMOOB, 4TO 00bB-
SACHSETCS BBINIEYIIOMSAHYTBIMU TIpolieccamu [2, 3,
30]. KpoBenarosnenue pa3jinyHbIX OTAEJI0B MUKPO-
HUPKYJIITOPHOTO PYCJa CTAHOBUTCS HePaBHOMEP-
HbIM. BaskHy1o posib B pa3BUTUU MTOPAKEHUST TIEYEHN

Puc. 2. ITarosornyeckue u3MeHeHHsI B IEYeHH KPbIC Yepes 3 yaca
[OCJIe OCTPOro OTPaBJieHusi (THCTOJIOTHYECKOE HCCIEI0BAHKE).
Fig. 2. Pathological changes in the rat liver 3 hours after acute
exposure (histological study).

Note. Staining with hematoxylin and eosin: @ — group 2 (clozap-
ine); dilated veins, venous congestion, X200. b — group 3 (clozap-
ine and ethanol); hypochromic nuclei, X400.

IIpumeuanne. OKpaniuBaHue reMaTOKCUIMHOM U 903UHOM: d —
rpymmna 2 (KJI03aliH); PacliipeHue BeH, BEHOZHOE TTOJHOKPOBHE,
yBesmuenne X200. b — rpymma 3 (KI03aIiH 1 9TaHOJI ); THIIOXPOM-
Hble spa, yBemmuenre X400.

It was found that in case of combined adminis-
tration of clozapine and ethanol to rats, their blood
serum content of clozapine was 1.94-fold and clozap-
ine-N-oxide was 2.3-fold lower than when clozapine
was administered as a single drug while the content of
norclozapine did not differ (table 1).

Statistically significant difference in the content
of clozapine, norclozapine and clozapine-N-oxide be-
tween clozapine administration and clozapine plus
ethanol administration was not found in the rat liver
homogenate (table 2).

Drastic increase of blood clotting ability related to
clozapine mechanism of action itself most probably un-
derlies the pathological changes manifested in the liver.
The jump of aggregative activity of erythrocytes and
platelets observed upon administration of clozapine and
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Ta6imua 1. Konnenrpauyu knosanuna (MKI/Mi1) M €10 METa00JIUTOB B CHIBOPOTKE KPOBH Kpbic (M+m).
Table 1. Concentrations of clozapine (ug/ml) and its metabolites in blood serum of rats (M=*m).

Parameters Value of parameters in Groups

Control Clozapine Clozapine and ethanol
Clozapine Not detected 1.98+0. 13 1.02+0.39
Norclozapine Not detected 0.28£0.05 0.28+0.018
Clozapine-N-oxide Not detected 0.21£0.076 0.09+0.021
Norclozapine/clozapine ratio — 0.14 0.27
Clozapine-N-oxide/clozapine ratio - 0.11 0.088

Note. Differences between the groups are statistically reliable, P<0.05.
Ipumeuanue. [[ig Tabm. 1, 2: parameters — nokasateny; value of ... in groups — 3HaueHwue ... B rpynmax; control — KOHTpoJIb; clozapine —
kaozanui; and ethanol —u aranos; norclozapine — nopkiosanun; oxide — oxeng; ratio — coornomurenue; not detected — He oGHapysKken.

Paznuaust MexIy TpyIIIaMu CTaTHCTHYeCKN ocToBepHbI, P<0,05.

Ta6uua 2. Copepskanue KJIo3alyHa M ero MetaGouToB (MKI/T) B rOMOreHaTe neyenu Kpoic (M=m).
Table 2. Content of clozapine and its metabolites (ug/g) in liver homogenate of rats (M=m).

Parameters Value of parameters in Groups

Control Clozapine Clozapine and ethanol
Clozapine Not detected 300.73+42.65 274.73+27.63
Norclozapine Not detected 41.01+17.09 39.25+3.73
Clozapine-N-oxide Not detected 0.12£0.03 0.13%0.02
Norclozapine/clozapine ratio - 0.14 0.14
Clozapine-N-oxide /clozapine ratio - 0.00039 0.00047

Note. Differences between groups are not statistically reliable, P>0.05.
IIpumeyanue. Paznmnuus MesxLy TPyINaMyu CTAaTUCTHYECKH HETOCTOBEpHBI, p>0,05.

TaKKe HUIpaeT HeIOCPEeACTBEHHOE TIOBPEXKIEHUE
9HIOTENHST COCYIOB MUKPOIUPKYJIITOPHOTO PyCa
MO/ JIeliCTBUEM CaMOTO KJIO3AIIITHA, YTO COTIACYeTCsI
¢ cymecrBylonumu ucciaenopanusamu [30]. Bcee
BbIIIIETIePEYNCIIeHHbIE TIPOIIECCH OTPUIATENBHO CKa-
3BIBAIOTCS KaK Ha MUKDPOIUPKYJISIUN, TAK U HA TKa-
HEeBOM MeTaboJIu3Me, 4To, B CBOIO 04Yepe/ib, TPUBO-
AT K yCYTYyOJIEHUIO TUTIOKCUY U alliI03y TKaHeid,
rubenn remaroruTos [31-33]. CxoaHyio KapTUHY
rubGesin remaTouToB Hab o1aIu Yepes 3 yaca nocJe
COBMECTHOTO BBeJleHUs Kjo3anuHa u atanosa. 06
ux rubesiv CBUAETEIHCTBOBAJIO OTCYTCTBUE OKpa-
MIUBAHWS SAJIEP U TIBIGYAaTOCTh IIUTOMIa3Mbl. Kpome
TOTO, MOKAa3aHO, YTO KJO3AMUH U er0 OCHOBHOI
MeTaboJIMT — HOPKJIO3AMUH HAKAIJTUBAIOTCS B
MUTOXOHJIPHSAX TENaTOIUTOB U BBI3BIBAIOT UX
nospeskenne [32].

Takum 06pasoM, MOBPEsKACHUE U THOENDb Kie-
TOK MEeYeHU CBI3aHbI C PA3BUTHEM I'HIIOKCUU, OKCHU-
NATUBHBIM CTPECCOM U HETIOCPECTBEHHBIM TOKCHYE-
CKUM BJIMSTHUEM KJIO3alUHA W €ro MeTaboJMTOB Ha
TernaToIuThI.

3akiaouyeHue

Komruiexce namenenuil, BbIsSIBI€HHBIX B [1€Y€HH,
B COYETAHWM C U3MEHEHUSIMU B IPYTUX OpraHax u
pesyJibrataMu CyieGHO-XMMUYECKOTO aHAJIN3a [T03BO-
JisieT YCTAaHOBUTb (DAKT OTPABJIEHUST KJIO3AMUHOM.
[Tonumanwe poieccoB, IPOUCXOSAIINX B OPraHU3Me
IPU TAaKUX UHTOKCUKALUSIX, ToMoraeT Gosee sddex-
THUBHO OKa3bIBaTh OMOIIIb IIOCTPAIABIINM.

its combination with ethanol is likely to be connected
with block of 5-HT3-receptors in platelets, which con-
curs with other investigations [2, 3]. It is known that
clozapine causes cholestasis and zonal necrosis of hepa-
tocytes due to disturbed microcirculation — formation
of microthroms, which is explained by the afore-men-
tioned processes [2, 3, 30]. Blood filling of different di-
visions of microvasculature becomes uneven. Direct
damage of microvasculature vessel endothelium under
the action of clozapine itself also plays an important role
in the development of liver lesion, which concurs with
existent studies [30]. All afore-mentioned processes ad-
versely affect both microcirculation and tissue metabo-
lism, which, in turn, leads to aggravation of hypoxia and
acidosis of tissues, death of hepatocytes [31—33]. A sim-
ilar picture of the death of hepatocytes was observed 3
hours after combined administration of clozapine and
ethanol. Absence of nucleus staining and cytoplasm
lumpiness evidenced their death. Besides, it has been
shown that clozapine and its main metabolite — nor-
clozapine — accumulate in mitochondrias of hepatocytes
and cause their damage [32].

So, damage and death of liver cells are related to
development of hypoxia, oxidative stress and direct toxic
influence of clozapine and its metabolites on hepatocytes.

Conclusion

The complex of changes found in the liver, to-
gether with changes in other organs and forensic
chemical findings, allows establishing the fact of cloza-
pine poisoning. Understanding of processes taking
place in the body during such intoxications helps ren-
dering assistance to victims more effectively.
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Anesthetic Management of Patients
with a Type A Aortic Dissection
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«OMom mun xupypeureckozo ememamenscmaa ne npednasnaven 0ist 001020 xupypeda ... B onepayuonnoii easxcna,
HECOMHENHO, KOMANOA, 8 KOMOPOLL, NOMUMO ACCUCTNEHMOB-XUPYP2O8 U XUPYPZUUECKUX CECMeD, AHeCMe3uoioz uzpaen
0CHOBONOLAZAIOWYIO PO, YMO 3ACYACUBALT 0CO00U HAZPADbL.>

Paccex K. Bpok, 1949

[ny6okast runorepmudeckast ocraHoBka kposoobpaterust (ITOK) it Xupyprideckoii KOppeKIuu Iyru a0pThl
Y B3POCJIBIX BCe ellle aCCOLUUPYETCs ¢ BBICOKIM YPOBHEM JIeTATbHOCTH U OCJI0XKHeHMIT. Kpome Toro, nmerorcs cy-
IIECTBEHHBIE PACXO’K/IEHNS B BBITIOJIHEHUU ATOH CJIOXKHOH TTeproriepaTuBHOi Texunku. Bapuanun B npakruke [TOK
He ObLIU a[IeKBaTHO OXapaKTEPU30BAHbI I MOTYT MIPEJOCTABUTH MHOKECTBO TEPAIIEBTUYECKUX BOBMOKHOCTEN JJIst
YJIYUIIEHNS HCXO/A M CHIDKEH ST pricKa mporieypol. HemasHo Oblia conana MeskyHapoHast TPyIIa 1Mo HCCIe0-
BAHUIO JIyTY A0PTHI, 33/1a4eli KOTOPOI SBJISIeTCS N3y4YeHNe ONTUMAIbHON HelpOIIPOTeKIINY BO BpeMsl PEKOHCTPYKITUN
IPYZIHOTO OT/Ie/1a A0PThL

Kantouesvte cnosa: paccioenue aopmol; anecmesust; MOHUMOPUHZ; 21YO0KAS 2UNOMEPMUYECKAS. OCMAHOBKA KPO-
8000paeHUSL; HeUPONPOMEKUUSL

«It is type of surgery that is not for the lone operator... Team is of course essential in the operating theater, where in
addition to the surgical and nursing assistants, the anesthesiologist plays a part of fundamental importance which de-
serves a special tribute.»

Russel C. Brock, 1949

Deep hypothermic circulatory arrest (DHCA) for the adult aortic arch repair is still associated with significant
mortality and morbidity. Furthermore, there is significant variation in the conduct of this complex perioperative
technique. The variation in the practice of DHCA has not been adequately characterized and may offer multiple
therapeutic opportunities for outcome enhancement and reduction of procedural risk. The International Aortic Arch
Study Group (IAASSG) was recently organized to investigate an optimal neuroprotection during the thoracic aortic
reconstruction.

Keywords: aortic dissection; anesthesia; monitoring; deep hypothermic circulatory arrest; neuroprotection
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Paccroenne aoptsl o tutty A (PAA) onpenese-
HO B CTanrdopacKoit kiraccnukami Kak paccjoeHne
BOCXOJISITIEH A0PThI HE3aBUCUMO OT IUCTATHHOTO Pas-
Mepa. [lomonuutensio PAA ompezaenseTcs Kak mpo-
saBjeHue B TedeHne 14 nHeil mocsie KIMHUYECKOTO
Havasa. Kimmamyeckoe mposiBiieHue mocie 2 HeJiesib OT
HayvaJia OTPEIEITeTCsT KaK XPOHUYECKOE PACCTIOeHIE
aoptel 1o TUMy A. PAA — 3TO OMH W3 OCTPHIX
AOPTAJIBHBIX CHH/[POMOB, KOTOPbBIE BKJIIOUAIOT UHTPA-
MYpaJbHyIO FeMaToOMy U IIeHeTPUPYIONLyIo 43BY [1].

Idtuonorun PAA BKIOYaOT TUTIEPTEH3UIO, aTe-
POCKJIEPO3, HapyNIeHUsI COeAMHUTETHHON TKaHU,
TpaBMy, MH(MEKITUIO U OTIEPAITUIO Ha CepJIlle UK COCY-
nax B anamHese. K yHaciesoBaHHBIM HApYIIEHUSIM,
cBsI3aHHBIM ¢ PAA, OTHOCSATCS aopTOTIAaTUH, CBSI3aH-
Hble ¢ cuazpoMoM Mapdana, cmHApPOMOM IJXiIepca-
[lannoca, cuagpomonm Jloiieca-/Intma n aBycTBOpYa-
TBIM A0PTAJTbHBIM KJIAITAHOM.

Taxtuka meuennst PAA — cpounasi/HeOTIOKHAS
orepariyst ocJie ONTUMaTbHON MEUIIMHCKOI cTabu-
JIN3AINY, BKJIIOYAIOIIEN CTPOTUI KOHTPOJIb TUTIEPTEH-
3UU U TIpe/loTBpalieHne pa3poisa [1-3].

Hcropuyeckas cupaBka

IlepBbiM HabIOAABIIMCS 32a00JI€BAHIEM CEPCIHO-
COCYIMCTOM CUCTEeMbI ObLIO pacimupenue aprepuil. Habuo-
JeHust oTHOCsTCs: K 1550-M rogam 10 Harued apbl u ObLIn
cenanbl B Erumnre. lasen mos:ke BBesI TEDMUH «aHEBPU3Ma».
ITporpecca B 1edeHIH aHEBPU3MbBI A0PThI He OBLIO 10 HOBOTO
BpeMeHU [4]. Jlemamich MONBITKY IPUMEHSTh MHOTHE Pa3-
HbIe MEPBI, OIHAKO X yCIeX OblI orpaHndeHHbM. B 1555 1.
(dburamancKuii Bpau Besasinyc, BO3MOKHO, ObLJT IEPBbIM, KTO
omnucal TopakajibHble U abJOMUHAJIbHBIE aHEBPU3MBL. B
1728 1. JlaH131 onucas 3TUOJOTHIO U TATOJOTHIO AHEB-
pusm. llosxke anrmuiicknii xupypr [sxon XanTep Havai je-
YUTH AHEBPU3MBI TePUGBEPITIECKUX COCYIOB JIUTHPOBAHUEM.
B nepron ¢ konta 1800-x romos mo nadama 1950-x xupypru
TaKJKe UCIIOJIb30BAJIN PA3HOOOPa3HbIE KOCBEHHBIE TTOIXO0/IbI,
9TO0BI aTh BPEMEHHOE 00JICTYCHIE U TIPEAOTBPATUTD Pas-
poiB aoptel. Cap Buubsm Ociep ckazan: «He cymectsyer
6osre3nn, Kotopas Obl B OOJIbIIEH CTENEHN NPUBOAMIA K
KIMHUYECKOH CMUPEHHOCTH, YeM aHeBPHU3MBI aOpThI». B
1948 . Pynomsd Huccen 8 Hoio-Mopxe emor o6epHyTs 1e-
Jgo(haHoM aHeBpusMy aopThl AsbOepra JiiHInTeliHa — 13-
BECTHOTO y4yeHoro. Ero anespusma pazopBasiach 1eCTb JIeT
crycrst. Hapuibs J[y6ocT IpoBeJt IIEPBYIO YCIEIHY IO PE3EKIHIO
aHeBpu3MbI GpromrHoit aopTel B [Tapuke 29 mapra 1951 r. Pe-
KOHCTPYKIIHS ObLJIa BBIIIOJIHEHA TPYITHBIM aJUIOTPAHCIIIAHTA-
TOM aOpThI JUTMHOM 15 ¢M. AHecTe3nio TPOBOINI JTOKTOD
obyre [3-7]. HoBast apa Xupypruueckoro JieueHms aHeB-
PU3M aOPThI HaYa/IaCh C BHEAPEHNA U KIMHUYECKOTO IIPU-
MEHEHUSI  9KCTPAIYJIbMOHAJIBHOTO  KPOBOOOpPAIIEHUS
Tu66ouom B 1953 1. (puc. 1, a) u Kupkaurom B 1956 r.
[7-11]. OcHOBHBIME BeXxaMu Pa3BUTH B HAIIPABJIEHUH CO-
BPEMEHHOI KIMHUYECKON TTapajiurMbl ObLIU Pas3iKIKEHUE
KPOBHU, TUTIOTEPMUST, THTIOTEPMUIECKAST OCTAHOBKA KPOBO-
olbpallleHus1, aHTepOrpajiHast 1 peTporpajtas nepdysus ro-
JIOBHOIO MO3ra, a TakKe JOCTHKEHUs B o0jactu
AHeCTeTUKOB, (hapMAKOJIOTHU, MOHUTOPUHTA, 9XOKAPINO-
rpaduy 1 THTEHCUBHON MOCJIEONICPAIIMOHHOI Tepari. JTH

Introduction

A Type A aortic dissection (AAD) is specified in
the Stanford classification as a dissection of the as-
cending aorta, regardless of the distal extent. Addi-
tionally, a Type AAD is defined as a presentation
within 14 days of clinical onset. Clinical presentation
after 2 weeks of onset is defined as a chronic Type A
aortic dissection. A Type AAD is one of the acute aor-
tic syndromes that include intramural hematoma and
penetrating ulceration [1].

Etiologies of the AAD include hypertension, ath-
erosclerosis, connective tissue disorders, trauma, in-
fection, and previous cardiac or vascular surgery. The
inherited disorders associated with the AAD include
the aortopathies associated with Marfan syndrome,
Ehler-Danlos syndrome, Loeys-Dietz syndrome, and
the bicuspid aortic valve.

Management of the AAD is urgent—emergent
surgery after optimal medical stabilization, including
strict control of hypertension and prevention of rup-
ture [1-3].

Historical Notes

The first observed disease of cardiovascular sys-
tem was dilatation of arteries. Observations dated
back to the 1550s BC in Egypt. Galen later introduced
the term «aneurysm». The treatment of an aortic
aneurysm did not progress until modern times [4].
Many different measures were tired, but their success
was limited. In 1555, Flemish Physician Vesalius be-
came probably the first to describe thoracic and ab-
dominal aneurysms. In 1728, Lancisi described the
etiology and pathology of aneurysms. Later, the Eng-
lish surgeon John Hunter started to treat aneurysms
of the peripheral vessels by ligation. Between the late
1800s and early 1950s, surgeons also used a variety of
indirect approaches to provide palliation and prevent
the aortic rupture. Sir William Osler stated «there is
no disease more conducive to clinical humility than
aneurysms of the aorta». In 1948, Rudolph Nissen in
New York was able to wrap with cellophane the aortic
aneurysm of Albert Einstein, the renowned scientist.
His aneurysm ruptured six years later. Charles Dubost
performed the first successful resection of an abdomi-
nal aortic aneurysm in Paris on March 29, 1951. Re-
construction was performed by utilizing a 15-cm-long
cadaver aortic homograft. Anesthesia was given by
Doctor DuBouchet [3-7]. The new era of surgical
treatment of aortic aneurysms was launched with the
introduction and clinical application of cardiopul-
monary bypass by Gibbon in 1953 (Fig. 1, a) and
Kirklin in 1956 [7—11]. The major milestones in the
development towards the contemporary clinical par-
adigm included hemodilution, hypothermia, hy-
pothermic circulatory arrest, anterograde and
retrograde cerebral perfusion, as well as advances in
anesthetics, pharmacology, monitoring, echocardiog-
raphy, and intensive postoperative care. These multi-
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MHOTOYKCJIEHHBIE PAa3PabOTKH CIIOCOOCTBOBAIN Pa3pabOTKH
crmocoba PEKOHCTPYKITU BOCXOSIIEH a0PThI U IyTH a0PThI
mpu PAA [12].

Pa6otst Meaununckoro Ilenrpa
«Maywnrt-Cunaii», Heio-Hopk,
B 00JIACTH aOPTHI

Boapnuna <«Maynr-Cunait» oTkpbLiach Ha
Manxarrene B Hpio-Iopxke 5 uons 1852 r. 1 GuicTpo
JIOCTUTJIA CTATyCa MOJHOCTBIO (DYHKITMOHUPYIOIIEi
GompHMLEL Ha 45 Koek. B 1872 r. Gobuuia nepeexania
u pacrmpuiack 10 120 koek. 15 mapra 1904 r. 3nanue
na nepekpectke Ilsaroit ABento u Crpura 100 crano
HOBBIM Z0MOM Gonpbauibl «Mayur-Cunaii». Pacin-
peHue —IecsiTh MaBUJILOHOB U 456 KOeK — mpenocTa-
BUJIO BO3MOJKHOCTH JIJISI PACHIMPEHUS TIPOTPAMMBI
JieueHusd MaruenToB 1 uccaenoBanuii [13]. boictporii
POCT TOPAKaJIbHOW XUPYPTUHU CTAJ OILYTUMBIM U [1PU-
BeJl K NPU3HAHHOMY BO BCEM MUPE JOCTUKEHUIO,
KOTOPBIM CTaJIa PE3eKIIH JIETKUX, BBITOJHEHHAS TOK-
topoM [oBapaom JIunuenranem, KOTopasi MPOBOU-
Jlach TI0J] BHYTPUTPaxeaIbHOI aHecTe3nei, IpoBeIeH-
Holl goktopom Yapibzom dicbeprom [14]. B 1960-x
IT. GblJIa HaYaTa IPOrpaMMa COBPEMEHHON KapanoTo-
paKkaJbHOW XUPYPIUM IO/ PYKOBOJICTBOM JIOKTOPA
PoGepra Jlutsaka u gokropa Iosapaa Ipaboiiza us
@uopuzet [4]. Kinunuueckast mporpamMma ObICTPO pac-
HMIMPAJIACDH U CTAJIA BKIIOYATH JI€HCTBYIONLYIO HAYYHO-
HCCIIe0BATENBCKYIO JTabopaTopuio. B 1970-x mokrop
JIuTBak OTKPBLT OTAeJeHue KapAMOTOpaKadbHOMI
WHTEHCUBHON Teparuu u peannmaryu. B 1985 1. 6bit
npuraaie 1okrop Pangann Ipumir, uTo6bl Bo3riia-
BUTH OT/IeJICHUE KapAUOTOPAKAJIbHONH XUPYPIUHM B
Goapruie «Maynt-Cunaii». Jloxkrop Tpunn (puc. 1,
b) mpomsuram Meton riay0OKOil TMIIOTEpMHYECKOI
OCTAHOBKY KPOBOOOPAIEHUS Y B3POCIIBIX [t XUPYP-
ITMYECKOM KOPPEKIINY AyTH aopThi [ 15]; oH ocTaBasics
JINJIEPOM XUPYPTUU IPYTHOTO OT/IEJIa A0PThI, BKJIIOUAs
PAA, 6ombire 20 ser.

Pa6otb1 Yuusepcureta I[lencuipBanun
B 00J1aCTH a0PTbI

Vuusepcurer IleHcuibBaHUE ObLI OCHOBaH B
1751 r. Bemxxamunom Dpankaunom B ropoze Dua-
nenbdus. B 1765 r. Iskon Mopran opranuzoBaj
MEJIMIIMHCKUN (PaKyJIbTeT JIJI TKOJIbl MEIUIUHBL. B
TO BpeMst YHuBepcureT [leHcunbsanuu 6b11 NepBoii
MEIUIIMHCKOH NTKOJION B aMEPUKAHCKUX KOJOHUSX U,
COOTBETCTBEHHO, SABJISAETCS caMbiM cTapbiM B Coezin-
Henubix [tatax Amepuku [16]. TnaBoit kapanoTopa-
KaJbHOU Xupypruu B YHusepcurere lleHcuabBanun
10 Bropoii MupoBoii BoiiHbl ObLI 1OKTOP JlKOPIK
MioJ11€ep, KOTOPBIH CIIENHMAIU3IPOBAICS Ha O0IE3HAX
serknx. [lokrop /Ixynuan /[>KOHCOH BO3TIJIaBJIsLT Kap-
nuotopakasibhayio xupypruio ¢ 1938 r. mo 1972 1. On
OTCTAMBaJI OllePAIK Ha OTKPBITOM Cep/Iile B YHUBEP-
cutete [leHcuibBaHUM, B TOM YHCJIe TIPOTICAYPBI HA
aopre, 6611 IIpesugentom AMepukanckoil Accomma-

Puc. 1. Ucropuueckue dpororpacdpuu.

Fig. 1. Historical photos.

Note. a — The Mayo-Gibbon heart-lung machine was used for the
complex cases at the Mount Sinai Hospital, New York in 1960s.
From the author’s personal collection; b — Surgeons Randall B.
Griepp (left) and Denton A. Cooley (right) with Anesthesiologist
Salwa S. Shenaq (middle). Obtained with permission from Dr.
Shenaq’s personal collection.

IIpumevanue. a — B 60-X TO/1aX MPOIIIOTO BEKA B CJIOKHBIX CITy-
yasx B Gosbuuie «Maynt-Cumait> B Hpio-Hopke ncrosbzosamm
alnapar <ucKyCCTBEHHOE cepjiile — Jerkue» Maiio-Tub6ona. 13
JIMYHOI Kosiekun aBropa; b — Xupypru Panpann B. Tpumnn
(cnesa) u Jlenron A. Kynu (cripasa) ¢ anecresuosiorom CasibBoii
C. Hlenaxk (B uenrpe). Iosyueno ¢ paspenieHus U3 JUYHON KOJI-
nekimn okTopa [llenaka.

ple developments facilitated the development of the
technique for reconstruction of the ascending aorta
and aortic arch for a Type AAD [12].

Aortic Perspective
from Mount Sinai in New York

The Mount Sinai Hospital opened in Manhattan,
New York on June 5, 1852 and rapidly achieved the
fully functioning status with 45 beds. In 1872, the hos-
pital moved and expanded to 120 beds. On March 15,
1904, Fifth Avenue at 100th Street became a new
home of the Mount Sinai Hospital. The expanding fa-
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1 TopakasbHeiX XupyproB (AATS) u saBusancs
penakTOpoM yueOHUKa « XUPYPTHSI TPYIHOM KIETKH».
[loxtop /I:xo3edd baBapust ocnoBas B YuuBepcurere
MIPOrPaMMy aOpTbl IPYAHOTO OT/EJIa U BBEJ CUCTEM-
HBIH MEXAMCIUIIIUHAPHBIA TIOJAXO0A K CJIOKHBIM
60JIE3HAM a0PTHI, TAaKUM Kak ocTpast PAA; arta mnpo-
rpaMMa IPOJIOJIZKAETCA TI0J[ €r0 PYKOBOACTBOM [0
cerozusiHero aus [17].

Hpinemusis curyamus — PAA

PAA — 570 TsIKEJI0€ yrposKaloliee JKI3Hu 3a60J1e-
BaHUE C BBICOKMM YPOBHEM CMEPTHU B IIEJIOM, €CJIA €T0
He jieunth. CMepTHOCTD cocTaBlsier 50%, eciiu onepa-
U0 He IPOBeCTU B TeueHue 24—48 4acos, pu aToM
CMEPTHOCTb cocTaBiisieT 1-2% B yac B 9TOT KpUTHYE-
ckuii mepuoj. TakTuKa aHecTe3Uu U XUPYyPruyeckoe
nedenne PAA 3arpyaHeHbl, 0COOEHHO y NMALUEHTOB
crapimero Bo3pacra. PaHHsIST [UarHOCTUKA U CTaOUJIN-
3a1ud, CBOeBPeMeHHOe HallpaBJieHre B IIEHTP 10 Jieye-
HUIO O0JIe3HEH A0PTHI ¥ TPAHCIIOPTUPOBKA HETIOCPE]I-
CTBEHHO B  OIEPAIMOHHYIO /I  [POBeIEeHUs
JaJbHeIeld TAaKTUKU BCell KOMaHION CyIeCTBEHHO
CHUKAIOT CMEPTHOCTb. BbICOKOKauecTBeHHAs U CBOE-
BpeMeHHas KOMMYHUKaIUg BHYTPU BCEH KOMaH/IbI B
orepalinoHHol (aHecte3usi, XUpyprust u mepdysus)
OueHb BaKHA VIS pa3pabOTKK OBIIeil cTpaTerin OnTu-
MU3AIUY JIeYeHVsT HeCTAOUIILHOTO TTAIIUEHTA [IEPe]] Orie-
patueiil. ITpegorniepallioHHbIIL 9Tall A0JKEH ObITh MaK-
CUMAaJIbHO COKpAIleH, YYUTbIBAs, YTO HAIIMEHT MOXKET
yMepeThb OT Pa3pbiBa a0PThl BO BPeMsl JIMIITHUX 3aJIep-
skek. Posib KOMaH7Ibl aHeCTe310JI0TOB B TAKOW CUTYaITUK
— cTaOUIIN3UPOBATH COCTOSIHUE MAIUEHTA TIPH TTOCTYTI-
JICHUU B OTIEPAIMOHHYIO, BKJTIOYAs MOJYyYeHNE TOUHBIX
JIAHHBIX OT CJIY>KOBI IOCTABKH, MOJIyYeHre HHHOPMUPO-
BAHHOTO COTJIACHSI, €CJIU 3TO BO3MOYKHO, OOeCIIeUeH e
AHAJIbIe3UN U TeMOIMHAMUYECKOTO KOHTPOJIS, A TaKKe
obecriederne BHyTPUBEHHOTO U apTEPUATBHOTO IOCTY-
na. Kpyttbie 1eHTphl 10 JedeHnio 6osesteii aopThl
ACCOLUUPYIOTCS CO 3HAYMTETBHBIM CHUXKEHUEM CMEpT-
HOCTH. B Takux cUTyanusgx Bcerjia ToToBa Oleparon-
Hasg JUIg JMAarHOCTMYECKOTO, TepPareBTUYECKOro WU
XUPYPrUYecKoro BMeniatesbctBa. Kpome Toro, s
KOMAH/Ibl aHECTE3MOJIOTOB KPUTHIECKH Ba)KHO 0OecIie-
YUTHh HAJIWYKME COBMECTUMON KPOBM M OPTaHU30BATb
MOJIHYIO TIOAITOTOBKY K BO3MOXKHON peaHuMaluu u
CPOYHOMY XUPYpPrudeckoMy BMeniatesnbetsy [17—19].

Hospsr1ii B3rasax na PAA

Mesxnynaponas rpyriia mno uccjae0BaHuio Iyru
aoptsl (IAASSG): [Iporpecc u nanbHeiiniee TpojiBy-
sKeHMe B 00J1aCTH PEKOHCTPYKIIMU YT a0PThl 1 PAA
3aMeIsIin Takie (haKTOPbI, KAK OFPAHUYEHHOCTD KJIU-
HUYECKUX UCTIBITAHUN, HEZIOCTATOYHOCTD OJTHOPOHOTO
oripeieieHNs KIMHIYEeCKUX Pe3yJIbTaTOB U MHOTOUNC-
JieHHbIe Pa3Hble TeXHUYECKUe cTpaTeruu. B mombiTke
YCTPaHUTh HTOT cOO B JI0KA3aTeNbCTBAX HEJABHO
ObL1a cosgana rpymmna IAASSG, obbequnsiomasn 41
xupypra u3 10 ctpan. Ita MHOTOIICHTPOBAS TPyIIIIa

cilities—ten pavilions and 456 beds, provided the op-
portunity for the increased patient care program and
research [13]. Rapid growth of thoracic surgery was
notable and lead to the world-acclaimed accomplish-
ment in pulmonary resection by Dr Howard Lilien-
thal, under intratracheal anesthesia administered by
Dr Charles Elsberg [14]. In 1960s, a modern cardio-
thoracic surgery program was initiated under the lead-
ership of Dr Robert Litwak and Dr Howard Gadboys
from Florida [4]. A clinical program rapidly expanded
and included an active research laboratory. In 1970s,
Dr Litwak opened the Cardiothoracic Intensive Care
Unit. In 1985, Dr Randall Griepp was recruited as a
Chair of the Department for Cardiothoracic Surgery
at Mount Sinai. Dr Griepp (Fig. 1, b) promoted the
technique of a deep hypothermic circulatory arrest in
adults for the surgical repair of an aortic arch [15]; he
remained the leader in thoracic aortic surgery includ-
ing a Type AAD for a period of over 20 years.

Aortic Perspective
from the University of Pennsylvania

The University of Pennsylvania was founded in
1751 by Benjamin Franklin in the city of Philadelphia.
In 1765, John Morgan organized a medical faculty for
the school of medicine. The University of Pennsylvania
was the first medical school in the American colonies
at the time and, consequently, the oldest in the United
States of America [16]. The chief of cardiothoracic sur-
gery at Penn before the World War 2 was Dr George
Muller who had a special interest in the lung diseases.
Dr Julian Johnson was a chief of cardiothoracic surgery
from 1938 until 1972. He championed open-heart sur-
gery at Penn, including aortic procedures, served as a
President of the American Association of the Thoracic
Surgery (AATS), and was an editor of the textbook
Surgery of the Chest. Dr Joseph Bavaria founded the
thoracic aortic program at Penn, introducing a system-
atic multidisciplinary approach to the complex aortic
diseases such as an acute Type AAD, that has contin-
ued under his leadership until present [17].

Present situation — a type AAD

A Type AAD is a severe life-threatening disease
with a high overall mortality when untreated. Mortal-
ity rate is 50% if surgery is delayed beyond 24-48
hours with the average mortality rate of 1-2% per hour
in this critical period. The anesthetic management and
surgical treatment of a Type AAD is challenging, espe-
cially for the senior patients. Early diagnosis and sta-
bilization, prompt referral to an aortic center, and
direct transportation to the operating room for further
team-based management significantly reduce mortal-
ity. High-quality and prompt communication between
the entire OR team (anesthesia, surgery, and perfusion)
is very important for the development of an overall
strategy of optimization of an unstable patient in the
preoperative period. The preoperative phase should be

GENERAL REANIMATOLOGY, 2019, 15; 2

www.reanimatology.com



40

DOI:10.15360,/1813-9779-2019-2-36-52

Reviews
|
Level of Hypothermia .
Profound  Deep Moderate Mild Ta6muua 1. Koncencyc no knaccudukanuu ypoBHei ru-
55 MOTEPMUH TIPH OTIEPANHUSIX HA J{yTe A0PThI COTIACHO OMpe-
neneHuio MeskayHapoHO| IPYNMbl IO ONEPanusiM Ha
‘ nyre aoptot (IAASSG) [21, 22].
< 20+ Table 1. Classification consensus for levels of hypother-
@ mia on aortic arch surgery as defined by the Interna-
G tional Aortic Arch Surgery Group (IAASSG) [21, 22].
w® 15+
2 Level of Hypothermia | Patient Temperature °C
o
3 Mild 28.1-34.0
‘E 10..._
§_ Moderate 20.1-28.0
& 54 Deep 14.1-20.0
0 ‘ Profound <14.0
8 10 12 14 16 18 20 22 24 26 28 30 32
Temperature C°

Puc. 2. B3aaumocBsa3p Mekay Ha30(hapHHrealbHOi TeMIePaTypoii U 9JeKTPoLeIeGPaJbHbIM MOJYAHHEM BO BPEMSs OXJIAKIEHHS Ha

AUK [21-22].

Fig. 2. The relationship between nasopharyngeal temperature and the electrocerebral silence during cooling on cardiopulmonary by-

pass [21-22].

IIpumeuanwue. /{15t puc. 2 u taba.1: proportion of patients — nosst manmentos; level of Hypothermia — yposens runorepmuu; profound —
ouenb riay6okas; deep — riybokast; moderate — ymepennas; mild — caabas.

IAASSG mnrnanupyer pacmupuTh CyHIECTBYIONIYIO
JIOKa3aTeIbHyI0 6a3y /ISt MPOIEyp HA IyTe a0OPThl Y
B3POCJIBIX ITyTeM BbIPAGOTKH KOHCEHCYCa, Pa3paboTKI
GOJIBIION MHOTOIIEHTPOBOI Ha3bl IAHHBIX U PAHIOMU-
3UPOBAHHBIX KOHTPOJUPYEMbIX KIMHUYECKUX HCCIIEe-
noBaHuil asekBaruoir montHoctu. Ipynmna [AASSG
HeZlaBHO paspaboTaia u omyGJMKOBaIa ONpe/eeHne
KJIMHUYECKIX TOYEK JIJIsI THIIOTEPMUU [IPU OTIEPAIUSIX
Ha ayre aoptel (Tabu. 1, puc. 2). CoBMeCTHbIE YCUII
rpynibl [JAASSG siBJsieTcst TOBOPOTHBIM MOMEHTOM B
XUPYPrUYECKOM JIEUEHUU TATOJIOTHIA, CBI3aHHBIX C
anespuaMoii aoptsl, Bkiouas PAA. Ee koncencyc,
AHAJIN3 JAHHBIX U TIPOCIEKTUBHbIE MHOTOLIEHTPOBbIE
UCCJIEIOBAHISI, CKOPEe BCero, IPOJBUHYT U PACIIPO-
CTPAHAT HAYKY U NIPOBeJeHUE ITUX CJIOKHBIX XUPYP-
IUYEeCKUX TIPOLIEYP M0 BCEMY MUPY, UTO IPUBEIET K
JaJIbHEHIIIEMY CUCTEMHOMY YJIYUIIEHIIO KIMHUIECKIX
pesyawratos [20, 21].

[Inan aHecre3wu JJjisd OTEPATUBHOTO JI€YEHUS
PAA — 570 0Ob6mIas sHAOTpaxeabHasl aHECTE3Us C
WHTEHCUBHBIM ~MOHUTOPWHIOM, KOTOPBIH Oyzer
06CYKIATHCA MOAPOOHO B TOCHEAYIONIUX CIEI-
aJIbHBIX pas/enax. HectaOuibHble KIMHUYECKHE TIPO-
saByienns octporo PAA BKITIOUAOT OCTPYIO peryprura-
IUI0 A0PThl, KOPOHAPHYIO WIIEMUIO, TaMIIOHALY
cep/iia 1 paspbiB a0pThI (TabL. 2). ITH CIIOKHBIE KJIN-
HUYECKIe MPOSIBIEHUs 3a9aCTYIO COIIPOBOXKIAIOTCS
reMOJIMHAMUWYECKOM  HeCTabUIbHOCTHIO, KOTOpast
MOJKET CYIIECTBEHHO OCJIOKHUTD WHAYKIUIO 0OImeit
arecresnu. XOTs1 SHIOTPaxeaibHast TpPyOKa ¢ OJHUM
IIPOCBETOM OOBIYHO SIBJISIETCS MHTYOAIIMOHHON TPy6-
KO BBIGOPA, 17151 06JIETYEHUS CEJIEKTUBHON BEHTHIIS-
[UU JIETKUX TPU YBEJUYEHHOM XHUPYPrHYECKOM
JOCTYIIEe MOXKET TOTPeGOBAThCS JHAOTpaxeanbHast

appropriately abbreviated given that the patient can
succumb from an aortic rupture during unnecessary
delays. The role of the anesthesia team in this situation
is to stabilize the patient on the admission to the OR,
including taking an accurate report from the transport
team, obtaining informed consent when possible, pro-
viding analgesia and hemodynamic control, as well as
securing intravenous and arterial access. High-volume
aortic centers are associated with the significant reduc-
tion in mortality. In such institutions, a modern oper-
ating room is readily available for the diagnostic,
therapeutic, and surgical interventions. Moreover, it is
essential for the anesthesia team to ensure the avail-
ability of compatible blood and to arrange all prepara-
tions for eventual resuscitation and emergent surgical
intervention [17—-19].

New Perspectives on a Type AAD

The International Aortic Arch Study Group
(IAASSG). The progress and further advances in a
Type AAD and aortic arch reconstruction has been ham-
pered by such factors as clinical trials with limited
power, paucity of a uniform definition of clinical end-
points, and multiple different technical strategies. In an
effort to address this evidence malfunction, the IAASSG
was recently organized connecting 41 surgeons from 10
countries. This multicenter IAASSG plans to expand
the current evidence base for the adult aortic arch pro-
cedures through the consensus development, large mul-
ticenter database development, and adequately powered
randomized controlled clinical studies. The IAASSG re-
cently developed and published the definition of clinical
points for hypothermia in aortic arch surgery (Table 1,
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Ta6auia 2. Ilnan anecTe3un B 3aBUCUMOCTH OT KJIMHHYECKOTO MPOSIBIeHUs1 ocTporo PAA.
Table 2. Anesthetic plan in depends on clinical presentations of an acute Type AAD.

ILnan aHecTe3uu /IS NOIePsKaHUS
cep/eyHoro BrIGpoca

Kmunuueckoe nposABJICHUE

Clinical presentation

Anesthetic plan to maintain
cardiac output

CunycoBast TaxuKap/us;
CHCTEeMHAas! Ba30/[MJIaTaIlH:
XOPOIIO HOIXO/UT
TUTPUPOBAHHBII TPOTTOh O
36eraTh MOBBIIEHHOM
MOTPEOGHOCTH MUOKap/ia

B KHCJIOPO/IE M3-32 TAXUKAPAUT
U TUIIEPTEH3UN: XOPOIIIO
MOJIXO/IUT TUTPUPOBAHHbII
aromuzat. MoxkeT motpeGoBaThest
MHOTPOITHAST HOJIJIEPIKKA.
CunycoBasi TaXuKap/usi;
CHCTEMHAsI BA3OKOHCTPUKITHS:
XOPOIIO HO/IXO/IUT
TUTPUPOBAHHBIN KETAMUH

Perypruparust a0pTbl
(HECKOJIbKO MEXaHU3MOB)

Koponapnas utemust
(KopoHapHOe paccyioeHune)

Tamnonasza cepyia
(JTOKATI30BAHHBII
PaspbiB A0PTHI)

Aortic regurgitation
(multiple mechanisms)

Sinus tachycardia; systemic
vasodilation: titrated propofol
is very suitable

Coronary ischemia
(coronary dissection)

Avoid increased myocardial
oxygen demand due

to tachycardia and hypertension:
titrated etomidate is very suitable.
Inotropic support may be required.

Sinus tachycardia; systemic
vasoconstriction: titrated
ketamine is very suitable

Cardiac tamponade
(contained aortic rupture)

TunoBosemust
(HeJIOKaIM30BaHHbII
Pa3pbiB a0PThI)

Bocmosmenne OILK: xoporo
HOJIXO/IUT TUTPUPOBAHHBII
KeTaMIH UM TOMU/IAT

Volume resuscitation: titrated
ketamine or etomidate
are very suitable

Hypovolemia
(uncontained aortic rupture)

Bazomrerns (Tsokessit
MeTaboNIMIecKuii aluos;
UILEMEsSI CIIMHHOTO MO3Ta)

Boccranosienue cocyancToro
TOHYCA TUTPUPOBAHHBIM
peccopom 1 GUKapbOHaTOM
HATPHUSL: XOPOIIIO HOJAXOAUT
TUTPUPOBAHHbIN KETAMUH

Restore vascular tone with
titrated pressor and sodium
bicarbonate: titrated ketamine
is very suitable

Vasoplegia (severe metabolic
acidosis; spinal ischemia)

TpybKa ¢ AByMst mpocBeTamu. Ilesm nHayKimuy aHecTe-
3UHU B ATUX YCJOBUSX BKJIIOYAIOT T€MOIMHAMUYECKUIA
KOHTPOJIb ¢ 0COOBIM YIIOPOM Ha HMOAAEPKAHUU IIPU-
eMJIEMOTO YPOBHSI TIPeHAMEPEHHON TUIIOTEH3HH,
4yT00BI U30€kKaTh Pa3pbiBa A0PThI U3-32 U3OBITOUHON
HArpy3KH Ha CTEHKY BCJeNCcTBUe rureprensun. 1lemm
WH/YKIMYA aHECTE3UH B OTIEPATUBHOM BeJIEHUU XPO-
HudeckuM PAA BRIIIOYAIOT TOJIIEPKAHIE TEMO/IMHA-
MHUUYECKON CTaOUIBHOCTU € YI€TOM COILYTCTBYIOIIEN
pPETrypruTaiyy aopThl U MPEAYIPEKIEHNEe TUIIEPTEH-
31H, 4TOOBI OCIAOUTH HATPY3KY HA CTEHKY B CETMEHTaX
AOPTHI, I/le IPUCYTCTBYeT aneBpuaMa. Kpome Toro,
aHeBpU3Ma TPYIHOTO OT/EJa A0PThl MOKET BbI3BATD
KOMIIPECCHIO JKU3HEHHO HEOOXOAMMbIX CTPYKTYP Cpe-
JIOCTEHUS, TAKUX KaK TPaxeoOPOHXUANbHOE IePeBO,
MUIIEBOJL, JIETOYHAST APTEPUST U BLIBOHON OT/IEI ITpa-
BOTO JKeJIy04YKa. ITa aHATOMUYECKAsT KOMITPECCHSI
MOJKET OCJIOKHUTD UHIYKIIMIO AaHECTE3UH.

TakTuka anecre3uu

[lonmepskanue aHeCTe3WH TPU ITUX CJIOKHBIX
nporieypax o6bIYHO MpecTaBsieT coboii chamaHcu-
POBaHHYIO CXEMY, TUTPUPOBAHHYIO JIJIsI IOCTUKEHUSI
A/IEKBATHON aHajre3nu (C MOMOIIBIO OIMOUIHOTO
Cpe/CTBa, HAarpuMep, (heHTaHunIa ), aMHe3UH (€ ITOMO-
MIBIO MHTAJSIIIH TTAPOOOPA3HOT0 AaHECTETHUKA, HAIIPU-
mep, nsodirypana u/min 6eH30ina3enHa, HATPUMED,
MUa30J1aMa), W HEePBHO-MBIIIEYHOH 6GoKaabl (c
MOMOII[BIO MAPAIUBYIONIUX CPEICTB, HAPUMEp, MaH-
KyPOHUYMa, BEKYPOHUYMA U1 POKypoHuyMa). Cxema
aHeCTEe3UH JIOJKHA BBOIUTHCS TMOKO € y4ETOM BHOCS-
MUX U3MeHeHWs (PAKTOPOB, TAKUX KAK ITOKA3AHUS Y
KOHKPETHOT'O TTAIUEHTA, TPOIOJIKUTENBHOCTD B KOH-

Fig. 2). The collaborative effort from the IAASSG is a
turning point in the surgical management of aortic
aneurysm pathologies, including a Type AAD. Their
consensus, data analysis and prospective multicenter tri-
als will likely advance and disseminate the science and
conduct of these complex surgical procedures globally,
leading to further improvements in clinical results in a
systematic fashion [20, 21].

The anesthetic plan for operative management
of a Type AAD is the general endotracheal anesthesia
with extensive monitoring that will be discussed in
detail in subsequent dedicated sections. The unstable
clinical presentations of an acute Type AAD include
acute aortic regurgitation, coronary ischemia, cardiac
tamponade, and aortic rupture (Table 2). These chal-
lenging clinical presentations are often accompanied
by hemodynamic instability that can significantly
complicate the induction of general anesthesia. Al-
though a single-lumen endotracheal tube is typically
the airway of choice, a double-lumen endotracheal
tube may be required to facilitate selective lung ven-
tilation for enhanced surgical exposure. The goals of
anesthetic induction in this setting include hemody-
namic control with particular care to maintain an ac-
ceptable degree of deliberate hypotension so as to
avoid aortic rupture due to the excessive wall stress
from hypertension. The goals of the anesthetic induc-
tion in operative management of a chronic Type AAD
include the maintenance of hemodynamic stability,
taking into account concomitant aortic regurgitation
and avoiding hypertension to relieve wall stress in the
aneurysmal aortic segments. Furthermore, a thoracic
aortic aneurysm can cause compression of vital medi-
astinal structures such as a tracheobronchial tree,
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8 Esophageal Temperature . !
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10  oOximetry
6 jugular Bulb Cath
Pulmonary Artery
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Cerebrospinal Fluid
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1 Bladder temp

Direct Spinal Cord

12 Pressure Monitoring

Puc. 3. CrangapTHbIii MOHUTOPHUHT Y IALHEHTOB, ONEPUPYEMbIX Ha a0pTe B MEIUIMHCKOM IeHTpe «Maynr-Cunaii» . I3 muunoii ko-

JICKIIMHU aBTOPa.

Fig. 3. Standard monitoring in patients undergoing aortic surgery at the Mount Sinai Hospital. From the author’s personal collection.
IIpumeyanue. 1 — TemMiiepaTypa MOYEBOTO ITy3bIPst; 2 — MpaBas GepeHHas A-iHust; 3 — paBast pajiuaabHas A-JTIMHWST; 4 — IPeHasK CIIMH-
HOMO3TOBOIT JKH/IKOCTH; 5 — KaTeTep B JIEFOYHON aprepuit; 6 — Karerep B JIyKOBHIIE SIPEMHOIT BeHbI; 7 — TPOIHUK; 8 — a30(arasibHas Tem-
neparypa; 9 — ABYXIIPOCBETHAsI SHIOTPaxea bHas Tpyoka; 10 — nepebpaibhast okcimerpust; 11 — GronHCTpyMeHTaIbHAS cricTeMa; 12 —
HPSIMOIT MOHUTOPUHT JIABJIEHHS CIIMHHOTO MO3Ta; 13 — MOTOpHbIE BbI3BaHHbIE OTEHIINAIBL. COMATOCEHCOPHBIE BBI3BAHHBIE TOTEHIINAJIBI.

KPETHOM CJIyYae, CTelleHb TUIIOTEPMUH, MACCOBast KPO-
BOTIOTEPS U TEMOJIIIONUs, a TaK:Ke HEHPOMOHUTO-
punr, Hatipumep, DIT.

MOHUTOPHUHT BO BpeMsI aHECTEe3UH
(puc. 3, 4)

HBa3uBHBIII MOHUTOPHHT KPOBSIHOTO J]aBJie-
HusA. HenpepsiBHoe TOUHOE M3MepeHUe KPOBSIHOIO
JABJIEHVSI C THBA3UBHBIM MOHUTOPUHTOM CYIIIECTBEH-
HO HEOOXOIMMO B T€UEHUE BCEH MPOIOJIKUTETLHOCTH
B ATHX CJIy4Yasix M3-3a TAaKUX (PaKTOPOB, KAK reMOIH-
HaMUUYecKast HeCTaOMIbHOCTD, XPYNKOCTh A0PThl 1
CJIOJKHOE MTPOBE/IEHNE THIIOTEPMUYECKOTO 9KCTPAKOP-
nopaabHoro kpooobpamenns (IKK) ¢ nemymbcu-
PYIOIIMM MOTOKOM. BTOpPBIM PaBHOIEHHO BaKHBIM
060CHOBAHMEM JIIST  TIOCTOSTHHOW — apTepuasibHOil
JIMHUU SIBJISIETCST HEOOXOMMOCTD YaCTOTO U3MEPEH ST
ra3oB apTepPUabHOI KPOBU JIJIsSI HANIPABJIEHUS Bele-
HUs aHecTe3un. Boibop MecTa apTepuaibHOM KaHoJI1-
3aIl1U JIJIST 9THX 1leJieil IOJKEH YUUThIBATh TAKKe BHO-
csire u3MeHeHus: GaKkToOPhl, KaK IJIaH Olepauu 1

esophagus, pulmonary artery and right ventricular
outflow tract. This anatomic compression may com-
plicate anesthetic induction.

Anesthetic Manamagent

The anesthetic maintenance in these complex
procedures is typically a balanced regimen titrated to
achieve adequate analgesia (with an opioid such as
fentanyl), amnesia (with a volatile inhalational anes-
thetic such as isoflurane and /or benzodiazepine such
as midazolam), and neuromuscular blockade (with
paralyzing agents such as pancuronium, vecuronium
or rocuronium). The anesthetic regimen must be flex-
ibly administered to accommodate modifying features
such as patient-specific indications, case length, de-
gree of hypothermia, major blood loss and hemodilu-
tion, and neuromonitoring such as EEG.

Monitoring During Anesthesia (Fig. 3, 4)

Invasive blood pressure monitoring. A contin-
uous accurate measurement of the blood pressure with
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Puc. 4. BpeMH H aBTOPbI HEKOTOPBIX CaMbIX BasKHbIX OTKprTI/Iﬁ IS MOHUTOPHUHTIA IIPH OoNlepalyAax Ha aopTe. U3 amyHoit KOJUIEKIIUA

aBTOpa.

Fig. 4. Timeline with some of the most important discoveries in monitoring for aortic surgery. From the author’s personal collection.
Ipumevanue. C 1935 1. u gasee: marekcHblii yposorunyeckuii katerep — Mouieil; aByxnpocserHas Tpybka — KapJierc; nnBasuBHast apre-
puambaag aunusa — Ilerepcon, [purc; nenpepeisnas JETI; razsr kposu — Actpym, Cesepunrxayc, Kinapk; mykosuiia speMHOI BeHbI —
Jlaccen; MOTOpHbBIE BbI3BAHHBIC IIOTCHIMAIIBI, COMATOCCHCOPHbIE BbI3BaHHbIE MOTeHIINAMB! — [19TTOH, AMMaccuaH; peHax CIIMHHOMO3I0-
BOM JKUAKOCTH — MUJIbSIMOTO; KaTeTep B Jierounyio aprepuio — Csan, Tanir; mepebpasibibiii MOHUTOPUHT — BaliHpux; BHyTpH-OTIepa-
IIMOHHBI TpoitHnK — Marymoto, Oka; 1iepebpasbHast caTyparust KucJaopoaa — Mak KopMmuk; time yeas — Bpemst, TO/BL.

XapaKkTep paccjaoeHus BeTBYU aopThl. Harpumep, mipa-
Basi pajMasibHas aprepuajibHas JUHUS MOXET He
HOZOWUTH B CJIyyae 9KCTEHCHBHOIO GE3bIMSIHHOIO pac-
CJIOEHUS € XOJIOMHOM TTPaBOil BepXHeil KOHEYHOCTDIO.
XoTs mnpaBasg pajuajibHasi apTepuajibHAs JUHUS
MOZKeT ObITb [TOKa3aHa B CJIyYae IIaHOBOM KaHIO 3a-
11U TIPABOH TIO/IMBIIIIEYHOM apTePUH JIJIsI MOHUTOPHH-
ra iepdy3un paBoil BepxHell KOHEYHOCTH U HATIPaB-
JIEHWsI ~ TIPOBEJIeHUs  aHTerpajHoil  nepdysuu
rOJIOBHOTO MO3Ia, OHa He OyneT HaleKHbIM MHAUKA-
TOPOM CUCTEMHO 11epdy3un, TTOITOMY JIJIs ATOM T1eJIn
MOsKeT OBITh II0Ka3aHa BTOPask apTepraibHask JIMHUSL.
BricokokauecTBeHHOE B3aMMOJIEIICTBIE MEXKLY BCEMU
yjleHaMU KOMaHbl 4aCTO CIIOCOOCTBYET IJIAZKOMY
MPUHATHUIO TAKUX PEIIEHUH.

M uBa3uBHbBII MOHUTOPUHT IIEHTPAJIBLHOTO /1aB-
aenus. [lokazanus K MeHTPaJbHON BEHO3HOU KaHIO-
JIU3ANUKU B 9TUX YCJOBUSIX BKJIOYAIOT COCYAMCTHIN
noctyn 6osbioro guamerpa s socrnoarenus OIK,
HaJIe3KHbI BHYTPUBEHHBIN Ty Th BBE/IEHUST BA30AKTHB-
HBIX CPEJICTB U JIOCTYII JIJIs1 KaTeTePU3aINK JIErOUHOM
aprepun. B 9THX CJIOKHBIX Clydasx O4eHb yao0eH
OKCUMETPUYECKUIT KaTeTeP JIJIs JIETOYHON apTePUH JIJIsT
MOHUTOPUHTA 1[€HTPAJIbHbIX /IABJIEHUN, CEPIETHOTO

invasive monitoring is essential throughout these
cases due to such factors as hemodynamic instability,
aortic fragility, and complex conduct of hypothermic
cardiopulmonary bypass (CPB) with non-pulsatile
flow. A second equally important rationale for an in-
dwelling arterial line is the requirement for a frequent
arterial blood gas measurement to guide anesthetic
management. The selection of the site of arterial can-
nulation for these purposes should consider such mod-
ifying factors as the surgical plan and the pattern of an
aortic branch dissection. For example, a right radial
arterial line may not be suitable in the case of an ex-
tensive innominate dissection with a cold right upper
extremity. Although a right radial arterial line may be
indicated in the case of the planned right axillary ar-
tery cannulation to monitor right upper extremity
perfusion and to guide the conduct of antegrade cere-
bral perfusion, it is not a reliable indicator of systemic
perfusion and so a second arterial line elsewhere may
be indicated for this purpose. High-quality communi-
cation between all team members will often smoothly
facilitate these decisions.

Invasive central pressure monitoring. The in-
dications for central venous cannulation in this set-
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BBIOPOCA ¥ CUCTEMHOTO BACKYJISIPHOTO COMPOTUBJICHVST
B peaJIbHOM BPEMEHHU He TOJIbKO B ONIEPAIIMOHHON, HO
takxe Brnocuenctsun 8 OPUT, yuutsiBas GOIbIIYIO
BEPOSAITHOCTh TEMOJMHAMUYECKOI HeCTabMIbHOCTH
nepezn u nocae IKK. Ocobbim mokasanueM Ajisi MOHU-
TOPHUHTA IIEHTPATILHOTO BEHO3HOTO IABJICHUS SBJISACTCS
MOHUTOPHHT JIaBJICHN JIJIs1 HATIPABJICHNS TIPOBEICHUS
peTporpagiHoii nepdysnu roJ0BHOTO MO3Ta BO BpeMs
KOPPEKIIMY IyTH a0pThl. B aTUX yCI0BUAX [aBcHIE
nu3MepseTcs Ha YPOBHE APEMHON BHYTPeHHEH BEHBI
BbIIIIe KOHIA IePPY3NOHHON KaHIOJIU B TI0JION BepX-
Hel Bere. Llesib cocTouT B ojiiepskanuy EeHTPaIbHO-
0 BEHO3HOTO JlaBjieHust B auamnasone 15—20 MM pr. cT.,
4TOOBI HE JIOMYCTUTH OTEKA TOJIOBHOTO MO3ra. Kpome
TOTO, 3TO JIABJIEHNE MOXKHO OTCJICKUBATD HEIIPEPBIBHO
BO BPEMsI PEKOHCTPYKIUU JIYTH a0PThI, UTOOBI MOKHO
OBIJIO THIATENFHO THUTPOBATH CKOPOCTH TTOTOKA JIJIst
ONTUMAJIBHON I0CTABKH BCIIOMOTATEIbHOTO CPEICTBA
1Ipu 3TOH nepdy3nn roJoBHOTO Mo3ra [22].

MoHUTOpHHT TeMInepaTypbl. TOUHDBINT MOHUTO-
PUHT TeMIlepaTypbl KPUTHUYEH [ HAIpaBJIEeHUSA
Besienns runorepmudeckoit IKK B 1iesax onrumaitb-
HOW HEHPOMPOTEKIIUM BO BPEMS PEKOHCTPYKIMU
IPYIHOTO OT/leJla A0PThI, KaK YKa3aHO B KOHCEHCYyCe
rpyrnnbl [AASSG B oTHOIEHWU THUTIOTEPMUU TIPU
XUPYPTrUuyeCcKUX BMENIATEIbCTBAX Ha Jyre aopThi [ 20,
21]. XoTst J1st MOHUTOPUHTA TEMTIEPATYPBI BOZMOJK-
HO MHOJKECTBO MECT, TAKUX Kak OapaGaHHas mepe-
MOHKA, HOCOTJIOTKA, ITUIIEBO/, MOUYEBOH MYy3bIPb U
npsiMad KUIIKa, aKTyaJeH BOTIPOC O TOM, KaKOe MeCTO
JIy4IIe BCero OTpaskaeT TeMIepaTypy Mo3ra, yYuTbl-
Basl, YTO YCIENTHOCTb TUIIOTEPMUHN I HEHPOIIPO-
TEKI[UU 3aBUCUT OT TMOJABJICHUSA MeTaboIu3Ma.
Wcxong n3 pesynbTaToB IBYX UCCIIEIOBAaHUN, TEMIIe-
parypa HOCOTJIOTKH JlaBajia OY€Hb TOUHbIE TPUOJIH-
JKEHUS K TeMIlepaType Mo3ra Mo BCeMy TUTIOTepMU-
yeckoMy criekTpy [23, 24]. B aTtux nccnepoBanusix,
MTPOBOJIMBIITNXCA HA 3aKPLITON TPYHON KJIETKE, TEM-
neparypa HOCOTJIOTKHU B CPEHEM OTJIMYATIACh OT TEM-
mepatypbl Mosra npumepro Ha 0,5 °C B TeueHwue
BCETO BPEMEHU OXJaXKACHUS U CcOTpeBaHUd. XOTS
MOHUTOPUHT TEeMIEPaTypbl B AUCTAJIBHOM OTeEJe
MUIIEeBO/Ia OBIT HEMHOTO 6G0JIee TOYHBIM, YeM B HOCO-
rinotke, rpynmna IAASSG ne pekomengyetr MOHUTO-
PUHT TeMIIepaTypbl B AUCTAIBHOM OT/IeJIe TTUIIEBO/IA,
Tak Kak omepaiug Ha PAA gaBagercsa cutyainueit
OTKPBITOU TPYAHOU KJIETKU € COOTBETCTBYIONIECH
moTepe TerJia u3 3Toro Mecta. MOHUTOPUHT TeMIIe-
paTypbl B MOYEBOM Ty3bIpe W TPSIMOW KHUINKE He
COBCEM TOYHO OTpaskaeT TeMIepaTypy Mo3Ta BO
BpeMmst tuntorepmudeckoro IKK. Itu Temmnepartypsbr
3a4acTyio OTCTAOT OT TeMIepaTyp HOCOIJIOTKH,
ABJIASACH 3HAUUTENBHO TeIjiee Ha aTalle OXJIaKICHUS
1 3HAYMTEJIBHO XOJO/Hee Ha dTale corpeBanus. B
cBeTe BceX 3TUX (haKTOPOB KOHCEHCYC 9KCIIEPTOB
IPYTIIBI PEKOMEH/I0BAJI HOCOTJIOTKY JIJIsI MOHUTOPHH-
ra TeMIepaTyphbl B 11eJI9X HAllpaBJIeHUS TTPOBEICHUS
runorepmuyeckoit IKK nipu pekoHcTpyKIIuu gayru
aopThl, BKIoUast PAA [23].

ting include large bore vascular access for volume re-
suscitation, reliable intravenous route for administra-
tion of vasoactive agents, and access for pulmonary
artery catheterization. An oximetric pulmonary arte-
rial catheter is very useful in these challenging cases
to monitor central pressures, cardiac output and sys-
temic vascular resistance in real time not only in the
operating room but also, subsequently, in the inten-
sive care unit, given the abundant potential for hemo-
dynamic instability before and after CPB. A special
indication for central venous pressure monitoring is
for pressure monitoring to guide the conduct of ret-
rograde cerebral perfusion during an aortic arch re-
pair. In this setting, the pressure is transduced at the
level of the internal jugular vein above the tip of the
perfusion cannula in the superior vena cava. The goal
is to maintain the central venous pressure in the
15-20 mmHg range to avoid cerebral edema. Fur-
thermore, this pressure can be continuously moni-
tored during the aortic arch reconstruction to allow
meticulous titration of flow rate for optimal delivery
of this cerebral perfusion adjunct [22].

Temperature monitoring. Accurate temperature
monitoring is essential to guide the management of
hypothermic CPB for optimal neuroprotection during
thoracic aortic reconstruction as outlined in the
IAASSG consensus for hypothermia in aortic arch sur-
gery [20, 21]. While multiple sites for temperature
monitoring such as a tympanum, nasopharynx, esoph-
agus, bladder and rectum are possible, the pertinent
question is which site best reflects brain temperature,
given that the success of hypothermia for neuropro-
tection depends on metabolic suppression. Based on
results from 2 studies, nasopharyngeal temperature
provided very accurate approximations of brain tem-
perature throughout the hypothermic spectrum [23,
24]. In these closed chest studies, the nasopharyngeal
temperature had a mean difference of about 0.5°C from
brain temperature throughout cooling and rewarming.
Although temperature monitoring in the distal esoph-
agus was a little more accurate than in the nasophar-
ynx, the distal esophagus temperature monitoring is
not recommended by the IAASSG since surgery for a
Type AAD is in the setting of an open chest with con-
sequent heat loss from this site. Temperature monitor-
ing in the bladder and rectum does not accurately
reflect brain temperature during hypothermic CPB.
These temperatures often lag behind nasopharyngeal
temperatures, being significantly warmer during the
cooling phase and significantly colder during the re-
warming phase. In light of all these considerations, the
IAASSG expert consensus has recommended the na-
sopharynx for temperature monitoring to guide the
conduct of hypothermic CPB for aortic arch recon-
struction, including a Type AAD [23].

Transesophageal echocardiography (TEE).
TEE is a major imaging modality for perioperative
evaluation of the thoracic aorta [25, 26]. Comprehen-
sive TEE has major advantages in the diagnosis and
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UpecnuieBoanas sxokapauorpapus (YIII-
xoKT). YUII9xoKI sBisiercss ocHOBHBIM MeTOIOM
BU3yaJIM3allMN B I1€JIIX MEPUONEPATUBHON OICHKU
rpyaHoro otzaena aoptel [25, 26]. [omnas YI19xoKT
MMeeT CyNecTBEHHBIE TPEUMYIIECTBA B IMAarHOCTHKE
n Bestenun PAA. UIT9xoKT crana cranjapTHbIM KOM-
MOHEHTOM TIJIAHOBOTO MEPUOINEPATUBHOTO TIOAX0/A K
PAA B obaagaonx GOJBIINM OMBITOM TIEHTPaX Mo
GoJIe3HIM a0PThI. YOeUTeNbHYIO TIO/JIEPIKKY 9TOTO
npumenenust YI19xoKT pano nepaBHee oHOIEHTPO-
Boe HabmogarenbHoe uccaenopanme (n=64), B Koro-
poM ObL10 JoKyMeHTHpoBaHo, yTo YIIIx0KT mox-
TBepawiaa nuarno3 y 97% mnanueHToB, JOCTOBEPHO
BBISIBIJIA U KOJIMYECTBEHHO OTIPE/IEINIIA COMTY TCTBYIO-
TI1e KapIuoJorndeckue OCJI0KHEHUS, TPOJIEMOHCTPH-
poBaJIa HOBbIE Pe3YJIBTaThl BU3yaan3aiuu y 64% maru-
EHTOB U CYIIECTBEHHBLIM 00Pa30M M3MEHUJIA TJIaH
orepanuu y 39% naruentos. BosbiiiM orpannuenrem
YII9xoKI gaBigercd ciemnoe ISITHO, a UMEHHO, ee
HECTIOCOOHOCTh BU3YaIM3UPOBATH JAUCTATBHBIN OT/IE
BOCXOIAIIEH a0PThI M MPOKCUMAJIBHBINA OTAE AYyTH
AOPTHI U3-3a HATIOJIHEHHOTO BO3/[yXOM TPaXeoOPOHXH-
AJTBHOTO JiepeBa, KOTOPOE HAXOAUTCI MEXK/LY MHUIIEBO-
JIOM U TPYAHBIM OT/EJIOM AOPTbl HA 3TOM YPOBHE.
Mopudurmposannas YII9xoKT mozxkeT mpeososieTsb
9TO orpaHudeHne 6aaroapst pa3MereHnIo HaroJHeH-
HOTO JKUJIKOCTBIO GAJIJIOHA B Tpaxee, KOTOPBIN TTO3BO-
JIIeT TOYHO BU3YJIM3UPOBATD BCIO IYTY A0PTHI, BKJIIO-
yag Opaxuonedanpubie cocyabl  [12, 26-28].
Yeusennasg BU3yannsalns 3TUX yYaCTKOB TPYAHOTO
OT/IeJIa A0PTHI MOKET 3HAUUTEIBHO TIOMOYD TP KaHIO-
JINPOBAHUM MCTUHHOTO TIPOCBETA B PACCIOUBIIEHCS
Bocxozsieit aopre st IKK-meroma, Habuparioriero
060pOTHI B BEAYIHUX [EHTPAX 0 HOJIE3HSIAM a0pPThHI B
KayecTBe aJIbTePHATUBHOTO MY TH UCTIOIb30BAHNS TIpe-
MMYIIECTB HEHTPATIBHOTO aPTEPUAILHOTO KaHIOIMPO-
Banus nipu PAA. [[pyroit aqbrepHaTUBONM /I 11€HT-
pPaJbHOTO apTEPUAILHOTO KAHIOJIMPOBAHUA B IEJISAX
IKK npu PAA sasasercs Gespimannas aprepust. Ona
JIETKO ZIOCTYIIHA B XUPYPTUYECKOM I10JI€ TTOCJIe CTep-
HOTOMUH, He TpebyeT rpadra ¢ aHACTOMO30M ¥ OJIHO-
BPEMEHHO J[aeT BCe MPEUMYIIECTBA MOAMBIIICYHOTO
kanionupoBanust. CyinectBennyio posib B HI19xoKT
pu PAA urpaet 1nosinblii aHasin3 a0pTajabHOTO KJamna-
Ha JIJI KOJTMYECTBEHHOM OIEHKU TSKECTH U MEXaHN3-
Ma peryprutaiuu aoptsi [29, 30]. OcHoBHOI Boripoc
BMEIIATEIbCTBA B TAKOW CUTYAIIMH — MOKHO JIM OTKOP-
PEKTUPOBATb HATUBHBIN KJIamaH. Tiare bHbIi aHaIu3
9XOKapAMOrPaMMBbl MOKET TOYHO OTIPE/IeJIUTh MeXa-
HU3MBI, 06JIerdast IPUHATHE PEIICHUs 0 TOM, OYIeT JIK
AOPTAJIbHBIN KJallaH KOPPEKTUPOBATHCS WM 3aMe-
natbes [30]. IlenocTHOCTD KOPPEKIIUY a0PTAIBHOTO
KJIallaHa MOKHO HAJIESKHO OIIEHUTD 1TOCJIE OTKITIOYEHUS
ot DKK cornacno crangaprasiM KpurepusiM. XOTs
UII9xoKT sBsteTcst 3010TBIM CTAHAAPTOM OTIEPATHB-
HOU TakTuKU BefieHus PAA, nenaiomuii axXokapauo-
rpaduio CHENUATINCT JIOJIKEH OCTaBaThCsI OIUTEND-
HBIM, YTOOBI He OBLIO JIOKHO TMOJOKUTENbHOI
WHTEPIIpeTaInu.

management of a Type AAD. TEE has become a stan-
dard component of the programmatic perioperative ap-
proach of a Type AAD at experienced aortic centers. In
strong support of this TEE application, a recent single
center observational trial (N=64) documented that
TEE confirmed the diagnosis in 97% of patients, reli-
ably detected and quantified the associated cardiac
complications, demonstrated new imaging findings in
64% of patients, and significantly altered the surgical
plan in 39% of patients. A major limitation of TEE is
the blind spot, namely its inability to image the distal
ascending aorta and proximal aortic arch due to the
air-filled tracheobronchial tree that lies between the
esophagus and thoracic aorta at this level. Modified
TEE can overcome this limitation with the placement
of a fluid-filled balloon in the trachea that permits ac-
curate visualization of the entire aortic arch, including
the brachiocephalic vessels [12, 26—28]. Enhanced im-
aging of these thoracic aortic segments can signifi-
cantly guide cannulation of a true lumen in the
dissected ascending aorta for CPB, a technique that is
gaining traction at leading aortic centers as an alterna-
tive route to harness the advantages of central arterial
cannulation in a Type AAD. Another alternative for
central arterial cannulation for CPB in a Type AAD is
the innominate artery. It is readily accessible in the sur-
gical field after sternotomy, avoids the requirement for
an anastomosed graft, and yet offers all the advantages
of axillary cannulation. A major role for TEE in a Type
AAD is the comprehensive analysis of the aortic valve
to quantify the severity and mechanism of aortic regur-
gitation [29, 30]. The main interventional question in
this setting is whether the native valve can be repaired.
Careful echocardiographic analysis can precisely delin-
eate the mechanisms to guide decision-making about
whether to repair or replace the aortic valve [30]. The
integrity of the aortic valve repair can also be rigor-
ously assessed after separation from CPB according to
the standard criteria. Although TEE is the gold stan-
dard in the operative management for a Type AAS, the
echocardiographer must remain vigilant for the false
positive interpretation.

Cerebral oximetry for neuroprotection in a
Type AAD. Cerebral oximetry via bilateral sensors on
the forehead can be measured noninvasively by near-
infrared spectroscopy (NIRS). The emission of near-
infrared light in this setting allows the analysis of the
reflected light to measure oxygenated and deoxy-
genated hemoglobin. The regional oxygen saturation
(rSO,) is calculated as the ratio of oxygenated hemo-
globin to total hemoglobin, defined as oxygenated he-
moglobin divided by the sum of oxygenated and
deoxygenated hemoglobin. The determination of rSO,
is not only noninvasive but also continuous as it is up-
dated every few seconds to monitor the balance be-
tween cerebral oxygen delivery and consumption in a
local section of the brain. Although there is a spectrum
of commercial NIRS devices, the evidence base to
guide device selection and utilization of NIRS is still
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IlepeOpanbHast OKCUMETPHSI /s HEHPOTPOTEK-
un ipu PAA. Tlepe6GpasibHyI0 OKCUMETPHUIO € TIOMO-
I[BIO JIBYXCTOPOHHUX JIATYNKOB Ha JIGY MOKHO U3Me-
PATH HEMHBA3UBHO MyTeM GJIMEKHENH HHppPaKpacHOii
cnexkrpockonuu (BUKC). Usnyuenne B OauxkHel
uHdpaxkpacHoii 06JacTH CBeTa B 9TO CUTYAIUH TT03-
BOJISIET aHAJIM3UPOBATH OTPASKEHHDBIN CBET IS U3Me-
peHUst OKMUTeMOrJioOMHA U JIE30KCUTeMOTIoOnHAa.
Pernonapuas carypanus kucaopozaa (rSO,) Beramc-
JISIETCST KaK OTHOIIEHNE OKCUTEMOTIOONHA K 001IeMy
reMOrJIOONHY, OIpe/Ie/IIeMOe TIyTeM JICTICHIsT 3Have-
HUST OKCUTeMOTJIOOMHA HA CyMMY 3HAYeHUN OKCure-
MorjobuHa u jezokcuremorsiobuna. Onpejenenne
rSO2 He TOJIBKO HEMHBA3UBHO, HO TaKKe 1 HelTPepPbIB-
HO, TaK KaK OOHOBJISIETCS KAXKIbIe HECKOJIBKO CEKYH]T
JUIT MOHUTOpPUHTA Oasarca MEXIY IepebpanbHoil
JOCTaBKOM KHCJOpPOAa W ero morpebieHreM Ha
JIOKQJIBHOM y4YacTKe Mo3Ta. X0Ts NUMeeTCs acCOpPTH-
MeHT KomMepueckux ycrpoiictB BUKC, nokazaresnb-
Hast 6a3a JIUIst HATIPaBJICHYsT BBIOOPA U UCTIOIb30BAHMSE
ycrpoiictBa BUKC Bce ente orpannyena. HecmoTps
Ha 970 orpanndenue, BUKC 6buia mocTenento mpu-
HATA [I711 MOHUTOPUHTA T1ep(y3un rOJIOBHOTO MO3Ta
npu oniepaiun Ha PAA B 11e/19X BbIsIBIeHNS HapyIie-
HUS KPOBOTOKA B TOJIOBHOM MO3T€ 11 BOCCTAHOBJICHUS
KpPOBOTOKaA B Tos10BHOM Mo3re. [Ipumenenne bIKC
0COGEHHO THUPOKO OBIIO MPUHATO B IEHTPAX TI0
GOJIE3HAM A0PTHI, T/l OJHOCTOPOHHSIST aHTerpaHast
nepdy3us roJOBHOTO MO3Ta SIBJSETCS PYTHHHBIM
BCIIOMOTATEIbHBIM CPEJICTBOM 06ECTICUEHUS KPOBOTO-
Ka BO BPeMs PEKOHCTPYKIIMM IYTH aOpThl. B aToii
cutyarmuu najgenne rSO, M3 KOHTpalIaTepaIbHOTO
MOJIyNIApUs TOJIOBHOTO MO3Ta IpeLyIpe/uT HHTpa-
OTEPATUBHYIO KOMAH/Ty O HEOOXOMMOCTH CHCTEMATH-
YeCKON WMHTEpPBEHIIMH 711 KOppeKiuu tnepdysnu
TOJIOBHOTO MO3Ta, BKJIOYas Takue JCHCTBUS, Kak
MCIpaBJeHNe TIOJOKEHUS KaHIOH, TIOBBIIIEHNE J1aB-
Jenus nepdysun u/Man 1mepexo]] Ha IByCTOPOHHIONO
AHTErpaIHyIo nepdysuio roJloBHOro Mo3ra. Kannnye-
cKas 1eHHocTh onpejiesienus rSO, ¢ momoripio BUKC
ObLJIa TTO/IYEPKHYTA B OOJIBINTOM KJIMHUYECKOM UCCIIe-
noBaunu (n=1,178), mpoBouBIIEMCST HA B3POCJIBIX
KapJIMOXUPYPruvYecKux MallueHTax, IOoJIy4aionux
DKK. B aTom HabonaTe IbHOM UCCIE0BAHUU MHO-
roakTopHbIli aHATU3 MPOJAEMOHCTPUPOBAJ, YTO
snauenust rSO, <50% He3aBUCUMO TPECKA3BIBATIN
cmepThb 1 yepes 30 gaueit, u uepes 1 roxa. Benyres namnb-
HEHNIIe NCCaeloBaHus /I OllEHKU TOTO, MOTYT JId
BMEIIIATEIbCTBA € MOJJIEPKKOM B (hopMe MOHUTOPUHTA
rSO, yJIyutuTh KIMHUYECKUH NCXO/] B KAPAUOXUPYP-
MU BBICOKOTO pHCKA. IJTH BBICOKOKAYECTBEHHBIE
MCCJIe/IOBAHNS 3HAUUTEIBHO YKPEIIAT 0KA3aTeIbHYTO
Gaszy JUIst HarpaBJieHus 0G0CHOBAHHOTO MTPUMEHEHMST
3TOU TEXHOJIOIMU MOHUTOPUHTA B KaPAUOXUPYPTUU
BBICOKOTO pucKa, BKiouass PAA [31-33].

Aurekrposniedanorpacdus (IIT). Poab moHu-
topunra DI npu npoBeienun rurtorepmun mpu PAA
OblIa XOpoIIo ycraHoBjeHa. [lebio THIIOTEpMUM
SIBJIIETCST JIOCTUIKEHUE TIOJIaBJIeHUsT MeTaboIu3Ma B

limited. Despite this limitation, NIRS has gradually
been adopted as a monitor of cerebral perfusion during
the Type AAD surgery to facilitate detection of cere-
bral malperfusion and restoration of cerebral perfu-
sion. The adoption of NIRS has been particularly
widespread in aortic centers where unilateral ante-
grade cerebral perfusion is the routine perfusion ad-
junct during the aortic arch reconstruction. In this
setting, a fall in rSO, from the contralateral cerebral
hemisphere would alert the intraoperative team to in-
tervene systematically to correct cerebral perfusion,
including maneuvers such as correction of cannula
malposition, augmentation of perfusion pressure,
and/or switching to bilateral antegrade cerebral per-
fusion. The clinical utility of rSO, determination by
NIRS was highlighted in a large clinical trial
(N=1,178) of adult cardiac surgical patients undergo-
ing CPB. In this observational trial, multivariate
analysis demonstrated that rSO, values <50% inde-
pendently predicted mortality both at 30 days and 1
year. Further trials are underway to evaluate whether
interventions guided by rSO, monitoring can improve
clinical outcome in high-risk cardiac surgery. These
high-quality trials will considerably strengthen the ev-
idence base to guide the rational application of this
monitoring technology in high-risk cardiac surgery,
including a Type AAD [31-33].
Electroencephalography (EEG). The role of
EEG monitoring in the conduct of hypothermia for a
Type AAD has been well-established. The goal of hy-
pothermia is to achieve suppression of brain metabo-
lism and hence a degree of ischemic tolerance in a
dose-related fashion. The degree of hypothermia con-
fers an increasing level of neuroprotection through
greater suppression of cerebral metabolic rate to ex-
tend the safe duration of hypothermic circulatory ar-
rest for the aortic arch reconstruction. The clinical
end-point for maximal degree of cerebral metabolic
suppression is electrocerebral silence indicated as an
isoelectric EEG. Since the temperature at which this
end-point is reached in a given individual varies, EEG
monitoring during cooling on CPB offers precise de-
termination of that temperature for the patient in
question. In this setting, EEG monitoring can guide
the conduct of hypothermia for neuroprotection be-
fore circulatory arrest in an accurate and reliable fash-
ion for each patient, despite the variation in brain
sensitivity to hypothermic suppression of metabolic
rate. In the absence of EEG monitoring as it may occur
in emergency settings such as an acute Type AAD,
cooling to profound hypothermia or longer than an
hour will typically achieve electrocerebral silence in
more than 80—90% of patients. This clinical utility of
an EEG explains its adoption in experienced aortic
centers. In the present time, there has been a clinical
drift away from the deep hypothermic circulatory ar-
rest (DHCA) towards moderate hypothermic circu-
latory arrest (MHCA) with the routine antegrade
cerebral perfusion for the aortic arch reconstruction
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TOJIOBHOM MO3T€ U, TeM CaMbIM, KaKOH-TO UIieMuye-
CKOH TIePEeHOCUMOCTH 3aBUCUMBIM OT JI03bI 06Pa3OM.
CrerieHb TUTTOTEPMUH TOBBITIAET YPOBEHb HEHPOIIPO-
TEKIIUHU TyTeM OOJIBINETO TTO/[ABJIEHUS] CKOPOCTH MeTa-
60JIM3Ma B TOJIOBHOM MO3Te, YTOOBI TPOAIUTH 6e3-
OTACHBIN ~ TIEPUOJT BPEMEHU TUIIOTEPMHUYECKOM
OCTAaHOBKU KPOBOOOPAIIEHUS JIJisI PEKOHCTPYKIIUU
YT a0pThl. KImHIYecknM pesysibraToM MaKCUMaJib-
HOU CTEeTeHU TO/[aBJIeHNsI MeTab0IN3Ma B TOJOBHOM
MO3Te SIBJISIETCSI 9JIEKTPOIepeOpabHOEe MOJYAHHE,
KOTOpOe TMoKa3biBaeT n3oanekrpudyeckag I Tak
KaK TeMmIeparypa, Mpu KOTOPOH OCTUTAETCS 3TOT
KIMHUYECKUN Pe3yJIbTaT, ¥ KasK/I0TO KOHKPETHOTO
nmalueHTa pa3ias, MOHUTOPUHT DI Ha aTare oxJax-
nenust Bo Bpemsi DOKK maer tounoe ompenesnenve
TaKOW TeMIlepaTyphl [ AaHHOTO naiuenTa. B aToit
CUTYaIn MOHUTOPUHT DI MOKeT HAIPABJIATH IIPO-
Be/IcHUE TUTIOTEPMUN B IEJIAX HEUPOIPOTEKINH 110
OCTAaHOBKU KPOBOOOPAIEHUST TOYHO M JOCTOBEPHO
JUUTST KQKJIOTO TAlMEeHTa He3aBUCHMO OT Pasjinyuil B
YYBCTBUTEJIBbHOCTH TOJIOBHOTO MO3Ta K TUIIOTEPMUYe-
CKOMY TIOJIABJIEHUIO CKOPOCTU MeTabosmama. B orcyr-
cTBre MOHUTOpUHTa I, UTO MOXKET NMPOU30HTH B
CUTYAITUN HEOTJIOKHOI TIOMOIIH, HAITPUMEDP, TIPH OCT-
pom PAA, oxnaskierme 1o riiyGOKOH THIIOTEPMUN UJTH
JIOJIBIIIE OJTHOTO Yaca OOBITHO TIPUBOJIMT K JIOCTUIKE-
HUIO 3JIEKTPOIEpeOPATIbHOTO MOTYAaHMS HOJIbIIE YeM
y 80—90% narrenToB. Takoe KIMHIUECKOE 3HAYEHIE
IIOT obbsicHsIET ee TIPUMEHEHWE B UMEIOTIIX OTIBIT
MeHTpax 1o 3aboJieBaHUsIM aOpThl. B HacTosiiee
BPEMs TPOU3OIIIEN KIMHUYECKHUIT C/IBUT OT TIyOOKOit
TUTIOTEPMUYECKON  OCTAHOBKH  KPOBOOOpAIIEHUs
(ITOK) k ymepeHHOl TUTIOTEPMUYECKOI OCTAHOBKE
kposoobpauienus (YTOK) ¢ pyTunnoii anrerpagoi
nepdysueil TOJTOBHOTO MO3Ta I PEKOHCTPYKIINU
nyru aoptel ipu PAA. Jrta napagurma YTOK naer
9KBUBAJIEHTHBIN KJIWHUYECKUH MCXOJ| TPU CyIIe-
CTBEHHOM YMEHBIIICHUW BPEMEHU OIlepaliuu 1 mnepe-
JIMBAHUS KPOBY 63 yIepoa JIst 3a1UTh TUCTATbHBIX
opranoB. B yciaoBusix YTOK ¢ pyrunnoit ognocro-
poHHeli anTerpajHoll mepdysueil ToJOBHOTO MO3Ta
MOHUTOPUHT DI coxpaHsgeT CBOIO 3HAUNMOCTD [IJIs1
BBISIBJIEHUsI TAIIUEHTOB € 1lepeOpabHOI UilleMueit
JUISL HATIPABJICHYSI BMEIIATEBCTB, TAKMX Kak Ouiare-
panbHag aHTerpajHas mnepdysus roJOBHOTO MO3Ta
U/WJTH JlajibHeltIee cucteMHoe oxyaxaenue [34—37].

HeiiponporekTopuas ¢papmakosaorus. Heiipo-
ITPOTEKTOPHbBIE TIPENAPATDI, TAKME KaK CTEPOUJIBI, THO-
MeHTA U JIU0OKauH BBOAUIUCH 11pu PAA Bo Bpems
nposesienust KK B mombiTke MUHUMHU3AIN PUCKOB
JeJIMPUS, UHCYJIbTa U KOMBL. XOTS MHOTO CPE/ICTB
OBbLJIO BBEIIEHO B KIMHUYECKYIO MPAKTUKY JJISA HTOI
IeJIN B TAKOH KIIMHUYECKOW CUTYAIUH, I0Ka3aTeIbHas
6asa, MOATBEPIKAAIONIAS ITO IPUMEHEHE, OTpaHnYe-
Ha. JIMgoKauH, BBOAUMBIII BHYPUBEHHO B OOJIIOCHON
1103€ B I[eJIAX HeHPOTIPOTEKIIUH, MOKET TIPUOIUZUTE
MHTpAOTIepAaTUBHBIE TIPUIIAJKH, KOTOPBIE MOXKHO
06HapyKUTH B X011 MoHUTOpHHTa DII. B HeraBHeM
PACCMOTPEHUH JIAHHBIX ObLI CIETaH BBIBOI, YTO THO-

in a Type AAD. This MHCA paradigm offers equiva-
lent clinical outcomes with significant reductions in
operative times and blood transfusion without the
compromise of distal organ protection. In the setting
of the MHCA with the routine unilateral antegrade
cerebral perfusion, EEG monitoring remains valuable
to identify patients with cerebral ischemia to guide in-
terventions such as bilateral antegrade cerebral perfu-
sion and /or further systemic cooling [34—37].

Neuroprotective pharmacology. Neuroprotec-
tive drugs such as steroids, thiopental and lidocaine
have been administered in a Type AAD during the
conduct of CPB in an effort to minimize the risks of
delirium, stroke, and coma. Although multiple agents
have entered clinical practice for this purpose in this
clinical setting, the evidence base supporting this ap-
plication is limited. Lidocaine administered as an in-
travenous bolus for neuroprotection may precipitate
intraoperative seizures that can be detected during
EEG monitoring. A recent evidence review concluded
that thiopental as a part of a multimodal neuroprotec-
tive protocol was likely beneficial in adult thoracic
aortic surgery with the DHCA like in a Type AAD re-
pair. In a large German Type AAD registry analysis
(N=2.137), intraoperative steroid administration was
associated with improved neurological outcomes
(odds ratio 0.5; 95% confidence interval 0.24—0.96;
P=0.0049). Overall, further trials are required to
strengthen the evidence base to guide the choice of pe-
rioperative pharmacology for neuroprotection in a
Type AAD [38-40].

Management of coagulopathy. Significant co-
agulopathy is common after operative repair for a Type
AAD due to multiple factors such as preoperative con-
sumption of clotting factors, mesenteric ischemia, he-
modilution, prolonged CPB, and hypothermia. The
profound perioperative systemic activation of coagu-
lation, fibrinolysis and platelets in a Type AAD may
require aggressive hemostatic therapy to restore fibrin,
clotting factors, and platelet homeostasis in a multi-
modal fashion. An individualized goal-directed hemo-
static therapy may be the appropriate clinical
approach in this complex clinical setting. This «ther-
anostic» multimodal approach may include point-of-
care viscoelastic testing with thromboelastometry or
thromboelastography, point-of-care platelet function
testing such as aggregometry, transfusion algorithms,
antifibrinolytics, and low clinical thresholds for
titrated fibrinogen, prothrombin complex concen-
trates, and recombinant activated factor VII. An inte-
grated team-based approach significantly contributes
to highly effective intervention in these complex sce-
narios [22, 41-48].

Postoperative anesthetic considerations for a
Type AAD. After operative repair of a Type AAD, pa-
tients are admitted for further management to the in-
tensive care unit (ICU) with the structured hand-off
of care. The early postoperative care is focused on serial
clinical assessments, hemodynamic resuscitation and
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MEHTAJ KaK 4acTh TPOTOKOJIa MYJIBTUMO/IAIBHON Heli-
POITPOTEKITNHU BEPOSITHEE BCETO TPUHOCUII TTOJIB3Y TIPU
XUPYPrudeCcKUX ONepaIusax Ha IPYIHOM OTIeJIC A0PThI
y B3pocJibix narenToB Ha [TOK, kax B ciaydae kop-
peknuu PAA. B 60JIbIIIOM aHATUTHYECKOM HCCIIE0-
BaHUM HeMeIKoTo peectpa PAA (n=2,137), marpaore-
paTUBHOE BBEJCHHUE CTEPOU/IOB ACCOITMUPOBATIOCH C
yJIyulIeHueM HeBPOJIOTMYECKIX UCXO0B (OTHOIIEHTE
puckos 0,5; 95% nosepuresbhbiii nntepsai 0,24—0,96;
p=0,0049). B 1enoM HeOOXOMMMBI AajbHEIne
MCCIeIOBAHUS ISl TTOAKPEIJICHUS /T0Ka3aTeIbHOM
6asbl B IEJIAX HAMTPABJICHNS BHIOOPA TIEpUOTIEPATHB-
HBIX (HapMaKOJIOTMYECKUX CPE/ICTB /ISl OCYIIECTBIIe-
Hus "eitporiporekiuu npu PAA [38—40].

Ycrpanenne koarysnonatuu. Cepbe3Hasi Koary-
JIOTIATHS YaCTO BO3HUKACT 11OCJIe XUPYPTrUUeCKO# Kop-
pekruu PAA B cuiry MHOKeCTBa (DAaKTOPOB, TAKMX KaK
norpebienne GakTOPOB CBePTHIBAHUSI TIEPE]L OTIEPa-
IUeil, Me3eHTePUaIbHbBII TPOMOO03, TEMOIUITIONHS,
npoposskurenbroe KK u runorepmust. Tiy6okas
nepuorepaTuBHAs CUCTeMHAd aKTUBAIUA KOaryJis-
i, GubdpuHoIM3a 1 TpoMboITOB Ipu PAA Moxker
TpebOoBaTh arPeCCUBHOIT TepaIii FeMOCTATUKAMU JIJIst
BOCCTaHOBJIEHUS (hUOPUHA, (haKTOPOB CBEPTHIBAHUS 1
roMeocTasa TpPOMOOIUTOB MYJIBTUMOIAIbHBIM 00pa-
3oM. IlepconanmsupoBannas IiejieHaIpaBiIcHHASA
reMOCTaTU4eCKas Teparus MOKeT CTaTh aJleKBaTHBIM
KJIMHUYECKUM TIOIXO/IOM B 3TOH CJIOXKHOM KJINHUYE-
cKoil curyaruu. Takoil «1ede6HO-AMarHOCTUIeCKUi»
MYJIBTUMO/IATIBHBIH TIOIXO/ MOKET BKJIIOYATh YIIPYTO-
BSI3KYIO JIMATHOCTUKY IO MECTY JICUEHUsT C TPOMOOI-
JacToMerpueii nuim rpomboanacrorpadpueit, uccaeno-
BaHue GYHKIMH TPOMOOIUTOB 110 MECTY JIEUCHUs, B
YaCTHOCTH, arPerOMETPHIO, AJITOPUTMBI IIepeTMBaHUS,
aHTHHUOPUHONUTUKI U HU3KKE KITHHUYECKUE TTOPOTH
TSI TATPUPOBAHHOTO (UOPUHOTEHA, KOHIIEHTPATOB
MPOTPOMOUHOBOTO KOMILJIEKCA U PEKOMOMHAHTHOTO
akTuBupoBannoro dakropa VII. UnrerpupoBanubiii
KOMAaH/[HBIH TTO/IX0/] B 3HAYUTEIILHOI CTENEHH CII0CO6-
CTBYET BbBICOKOI((PEKTUBHOMY BMEIIATEILCTBY B
TaKUX TPY/HBIX ciieHapusx [22, 41-48].

AcnekTbl NOCTOIEPATUBHOII aHECTe3UH IPU
PAA. Tlocne xupyprudeckoit koppekiuu PAA nanum-
€HTOB KJIAJLYT /715 IAJIbHEHTIIETo BeJIeHUS B OT/Ie/IeHIE
nurencusnoii repanun (OPUT) co crpykTypuposan-
HOU Tepefavell marueHTa U3 pyk B pyku. Pannee
MOCTONEpaTUBHOE Be/eHue (GOKycupyeTcs Ha CTaH-
JAPTHBIX KIMHUYECKUX OIleHKaX, BOCCTAHOBJICHUU U
CTabWIIN3AIUY TEMOIMHAMUKH, aHAJIbIE3UH U TTOCTe-
MEHHOTO CHATHS ¢ MeXaHn4yeckol BeHTussmu. [Ipo-
nospkurenbHoe npebdsBanre B OPUT B takoil cutya-
I[UU OIpeJiesiieTcss KaK Mepuojl BpeMeHu I0JIblile J
nHeil. Yactota BOSHUKHOBEHUS MTPOJOJIKUTEIBbHOTO
npebbiBanysg B OPUT B 06/1a1210111X OIIBITOM LIEHT-
pax 1o Gosiestsim aopThl cocrasisier 20-25% u B
3HAUYMTEJBHON CTEIeHM CBsA3aHa ¢ AUCHYHKIMAMU
OCHOBHBIX OPraHOB, TPUBOJAAIINX K UHCYJIBTY, CUH-
JPOMY HUBKOTO CEPJIEYHOTO BHIOPOCA, OCTPOIi ibIXa-
TeJbHON HEOCTATOYHOCTH U MOYEYHOH He0CTaToY-

stabilization, analgesia, and gradual weaning from me-
chanical ventilation. Prolonged stay in the ICU in this
setting has been defined as greater than 5 days. The in-
cidence of prolonged ICU stay at experienced aortic
centers is in the range of 20—25% and has been signif-
icantly associated with major organ dysfunctions re-
sulting in stroke, low cardiac output syndrome, acute
respiratory failure, and renal failure [49—50]. Acute
respiratory failure is relatively common after surgery
for a Type AAD [51]. In a large single center clinical
trial conducted in 1994—2008 (N=276), acute respira-
tory failure was defined as an arterial oxygen /inspired
oxygen ratio <150 within the first 72 hours after sur-
gery. According to this definition, the incidence of
acute respiratory failure was 13%. An independent pre-
dictor for this complication was preoperative malper-
fusion (odds ratio 3.2; 95% confidence interval 2.2—4.9;
P<0.05). Prone positioning ventilation significantly
improved oxygenation (P<0.001) with a tendency to
both a shorter duration of mechanical ventilation
(P<0.2) and ICU stay (P<0.2). The risk of acute res-
piratory failure also appears to be related to the extent
of the dissection process and its accompanying sys-
temic inflammatory reaction (odds ratio 1.32; 95%
confidence interval 1.04—1.69; P=0.03) [51].

Future considerations for a Type AAD. Ad-
vanced age has been presented as a significant risk factor
for mortality and morbidity after the Type AAD surgery,
prompting debate about whether this complex surgery
is indicted in octogenarians [52]. On the other hand,
such intervention in octogenarians with a Type AAD
may be associated with significant clinical benefits be-
yond the perioperative period [52, 53]. The unresolved
and important question in this setting is: what does age
really mean [53, 54]? An advanced age by itself does not
provide an objective measure of a patient’s physiologic
reserve and ability to tolerate major thoracic aortic sur-
gery. An octogenarian may exhibit sound physical and
mental fitness with a high quality of life. A guiding prin-
ciple in this setting may be to focus on frailty rather than
an advanced age as a marker of limited reserve and re-
silience. A validated scoring system for frailty has been
developed from the following 5 domains: weight loss,
grip strength, exhaustion, low physical activity, and
walking speed. Although this quantified approach to
frailty significantly predicts outcomes after surgery, fur-
ther trials are required to better clarify the role of frailty
in outcomes after the operative repair of a Type AAD
[55, 56]. A second evolving trend in a Type AAD is the
growing role of endovascular intervention. A reasonable
indication for aortic stenting in this setting is the frozen
elephant trunk for distal aortic stabilization. A second
role for endovascular therapy in a Type AAD is the hy-
brid arch repair that has the potential to offer a safe and
efficient option for the total arch therapy in this complex
setting. A third role for endovascular therapy in a Type
AAD is the proximal thoracic aortic repair in patients
deemed too high-risk for conventional surgery with
CPB such as it may be the case in the frail elderly. It is
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noctu [49—-50]. Octpast npixaTesbHas HEIOCTATOYU-
HOCTh OTHOCHTEJIBHO YACTO BO3HUKAET MOCJIE Ollepa-
1uii 1o ooy PAA [51]. B KpyIHOM OZHOIIEHTPOBOM
KJIMHUYECKOM WCCJIEOBAHIY, [POBOAUBIIEMCS B
1994-2008 rr. (n=276), ocTpas jbpIxaTeabHas HelO-
CTaTOYHOCTbD OTIPE/IENISINIACh KaK OTHOIIEHUE apTepH-
AJTPHOTO KUCJIOPO/a K UHCIUPATOPHOMY KHCJIOPOLY
<150 B Teuenue 1MEPBHIX 72 YACOB TOCJE OIEPAIUH.
CoriacHo aTOMY OTIpeIeIEHUIO YACTOTA BOSHUKHOBE-
HUST OCTPOIT IIXaTebHOI HeIOCTATOUHOCTH COCTaBH-
na 13%. HezaBUCUMBIM ITPOTHOCTUYECKUM (haKTOPOM
ATOTO OCJIOKHEHUs OBbLIO HApPyIIeHHE KPOBOTOKA
nepejt onepaineit (oTHoIeHne puckos 3,2; 95% nose-
puTeabHbIi nHTepBai 2,2—4,9; p<0,05). Benruisims
B ITOJIOXKEHU U JIeXKa HA JKUBOTE 3HAYUTEIbHO YIIYUIITHI-
na okcurenanuio (p<0,001) u obycaoBuaa TeHAEH-
110 K 6oJiee KOPOTKOMY MPeOBIBAHUIO HA MEXaHWYe-
ckoit Bentusgnuu (p<0,2) m Bpemenu B OPUT
(p<0,2). Puck ocTpoii bIXaTeIbHOI HEJOCTATOUHO-
CTH, OYEBUJIHO, TAKJKE CBA3AH C MaciTaboM paccioe-
HUST U COTIPOBOJKIAIONIETO €I0 CHCTEMHOTO BOCTIAJIH-
TesbHOrO OTBeTa (OoTHOMEeHWe puckos 1,32; 95%
noseputenbubiii uutepsan 1,04—1,69; p=0,03) [51].
[pyrue aciektsl PAA. Briio nokasamo, uTo rpe-
KJIOHHBII BO3PACT SIBJISIETCS CYIIECTBEHHBIM (haKTO-
POM pHCKa CMEPTHOCTU U OCJIOKHEHMIT 1TOCIe orepa-
it o nosoxy PAA, 4TO BBI3BAJIO CIIOPBI O TOM,
MOKa3aHO JIM TaKOe CJI0KHOe XUPYPriyecKoe BMellia-
TeJIbCTBO BOChMUIECATHIECTHIM maruentaMm [52]. C
NPYTOil CTOPOHBI, TAKOE BMEIIATENBCTBO Y BOCHMUJIE-
CATIJIETHUX TTaInenToB ¢ PAA MoskeT acconunpoBath-
Cs1 CO 3HAUUTETBHBIMU KIMHUYECKUMU ITPEUMYyIIle-
CTBaMM, BBIXOJISIIIUMU 32 PAMKHU MEPUOTIEPATUBHOTO
nepuoja [52, 53]. Hepelennbiii 1 BasKHbBIH BOIIPOC B
9TOI CUTYAIlUU — YTO HA CAMOM JieJie 03HAYAeT BO3-
pact? [53, 54] Cam 110 cebe TIPeKTOHHBIN BO3PACT He
SIBJIIETCS OOBEKTUBHBIM M3MepeHreM (husnosiornye-
CKOTO pe3epBa TaIMeHTa 1 ero ClocoGHOCTH BhIIEp-
JKaTh OOIMIUPHOE XUPYPrUIECKOe BMEIIATENbCTBO Ha
TPYZHOM OT/ieJie a0PThL. BocbMuzecaTiIeTHII TIATH-
€HT MOKET HAXOIUTHCS B XOpoIleM (hU3UYECKOM U
JYIIEBHOM COCTOSTHUU C BBICOKUM KaueCTBOM JKU3HU.
PykoBozsmum IpUHIIMIIOM B TAKOI CUTYalluN MOXKET
CTaTh BHUMAHUE HA HEMOIIIH,  He Ha TIPEKJIOHHOM BO3-
pacre B KauecTBe MapKepa OrPaHUYEeHHOr0 pe3epBa 1
skusHectoiikoct. Ha ocHoBanuu ciemyiomumx 5
HarmpasieHuii Oblaa paspaborana OaabHas CHCTEMa
OIIEHKU HEMOIIIH, KOTOPAs TIPOIILJIA BATUAAINIO, ATO:
HoTepsT Beca, CUJia CXBATa, YIa[oK CHJI, HU3Kast (pu3u-
YyecKast aKTUBHOCTh U CKOPOCTH XObOBI. XOTSA 9TOT
KOJIMYECTBEHHBII TIOXO/[ K OIleHKe HEMOIIU B 3HAYH-
TeJIbHON CTeNeHU MPOTHO3UPYET UCXOJI MOCIe OTepa-
UK, HeOOXOAMMBI JTaJbHENIINe UCCAETOBAHUST TSI
YTOUHEHUST POJIM HEMOIIIU B UCXOJIE TIOC/Ie XUPypruyve-
ckoit koppekiun PAA [55, 56]. BropeiM passuBaio-
UMCsT HartpaBsieHun B obmactu PAA siBiisiercst pacry-
mas poJb dHAOBACKYJSIPHOTO BMEIIATETbCTBA.
OB60CHOBAHHBIM MOKA3aHUEM K CTEHTHPOBAHUIO A0PThI
B 9TOI CUTYaIlUU SBJISIETCSI METOJ «3aMOPOKEHHOTO

highly likely that the roles for thoracic endovascular
aortic repair in a Type AAD will expand in a steady fash-
ion as it has already happened with the aortic diseases
distal to the aortic arch [1, 52].

Another aspect of management of a Type AAD is
the optimal approach to high-risk patients presenting
with malperfusion, given their high perioperative mor-
tality and a limited role of classic thoracic aortic recon-
struction in this setting. The clinical presentation of
malperfusion in a Type AAD may merit an organ-spe-
cific multidisciplinary therapeutic approach beyond
the classic «tube graft», including options such as the
hybrid operating room, aortic branch stenting, and in-
timal fenestration. This «theranostic» approach re-
quires further evaluation in high-volume aortic centers
with specialized aortic teams to advance the treatment
paradigm for this challenging disease [29]. Due to the
increasing appreciation of the protean presentations of
a Type AAD and their relevance to clinical outcomes,
the management approach is undergoing a paradigm
shift to account for this presentation. The Penn classi-
fication of clinical presentations in a Type AAD offers
a principle-based framework for these advances [1, 57].

Conclusion

An acute Type AAD involves the ascending aorta
and is a surgical emergency. The anesthesia team must
regard the operating room in this setting both as a di-
agnostic and therapeutic suite. Anesthetic priorities
include securing the airway, achieving hemodynamic
control, establishing invasive monitoring, and com-
pleting a comprehensive echocardiography examina-
tion to facilitate the operative plan. Thereafter, a
team-based initiation of CPB should include TEE
guidance of cannulation where appropriate. The anes-
thesia team must retain vigilance during CPB. This
vigilance must include management of the following
aspects: the metabolic milieu, anesthetic maintenance
to include minimal interference with neuromonitor-
ing, accurate temperature measurement of hypother-
mia, and appropriate monitoring of antegrade and
retrograde cerebral perfusion. Intermittent echocar-
diographic scanning for surveillance is helpful for de-
tection of complications. Preparation for separation
from CPB should also be comprehensive. During sep-
aration from CPB, the anesthesia team must titrate
mechanical ventilation and vasopressor support to re-
store and maintain systemic hemodynamics. Compre-
hensive TEE at this juncture should guide deairing
procedures and assess the operative repair, including
the aortic valve, the aortic root, and the aortic arch.
The restoration of adequate hemostasis after prota-
mine administration should proceed in a systematic
protocol-based fashion with titrated transfusion,
point-of-care testing, and a low threshold for special-
ized factor administration in refractory cases. Finally,
the handover of care to the ICU team should be con-
ducted in a structured and organized fashion.
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x000Ta» I CTAOUIM3ANUN JIUCTAIBHOTO OT/eIa
aopTel. BTOpyio posb B aHAOBACKYJISPHON Tepannu
nipu PAA urpaet rubpujiHast KOppeKIust Iyru, KOTopast
MOTEHI[HAIBHO MOKET cTaTh Oe30macHbiM u addex-
THUBHBIM BAPUAHTOM TOTAJIbHOM Tepanuu Ayru B 3TOM
CJIOKHOM cUTyarny. TpeTbs poJib B 3HI0BACKYJISPHOM
Tepanuu npu PAA mprHaisie)kut KOppeKIy IpoOKCH-
MaJIbHOTO TPYIHOTO OT/IeJIa A0PTHI Y MAI[MCHTOB, PUCK
KOTOPBIX CYUTACTCS CJAUNIKOM BBICOKUM JIJIST TPAJIH-
IIMOHHOTO XUpyprudeckoro BmernaresnberBa ¢ KK,
KaK 9TO MOKET ObITh B CJIy4ae HEMOIIHBIX MOKUIIBIX
MaIMeHToB. Bricoka BeposaTHOTO TOTO, 4TO POJIU AH/I0-
BACKYJIAPHOM KOPPEKIIUU IPYTHOTO OT/IesIa 20PTHI TPU
PAA 6yyT OCTOSTHHO PacIIUPSIThCS, KAK HTO CIYUM-
JIOCh ¢ 3260JIEBAHUSIMU A0PThI B OT/IEJIAX, OTAANEHHBIX
ot ayru aoptsi [1, 52].

Eme ognum acrniexktom gevennsi PAA gsisercs
ONTUMAJIBHBIN TOJXO0/] K MAIMEHTaM € BLICOKUM PHC-
KOM, Y KOTOPBIX IIPUCYTCTBYIOT ITPOSIBJICHUS HApyIIle-
HUSI KPOBOTOKA, YYUTBIBAs UX BBICOKYIO IE€pHOIepa-
TUBHYIO CMEPTHOCTb ¥  OIPAaHWYEHHYIO  POJIb
KJIACCUYECKOH PEKOHCTPYKIIUH TPYTHOTO OT/IE]Ia A0PTHI
B Takoi curyanuu. Kimnndyeckue mposgBiaeHns Hapy-
nieHust KpoBoToka pu PAA, BO3MOKHO, 3aC/IyKUBAIOT
opraocrenuduuecKuii MeRINCIUIIITMTHAPHBIN Tepa-
MEBTUYECKUH TIOIXOJI, BBIXOAAIINN 32 pAMKHU KJIACCH-
gyeckoro «rpadra B BUE TPyOKH», BKIIOYAs TaKue
BapHMAHTHI, KaK THOPUJHAS OTIEPAIlHOHHAS, CTEHTHPO-
BaHMe BETBel aopThl U (peHecTpaIusd MHTUMBL. Takoii
«J1eueOHO-INArHOCTUYECKU > TTOX0/] TpeOyeT naib-
HefAIIeli OIeHKN B KPYTTHBIX [IEHTPax M0 3a00JIeBaHNUSAM
AOPTHI, I7le €CTh KOMAaH/IbI, CIIEIUATM3NPYIONINecs Ha
aopte, YTOOBI COBEPIICHCTBOBATD MAPAJIUTMY JICUCHVST
9TOTO TPYAHOU3IeYnMOTo 3aboaeBanus [29]. B cury
BCE PACTYIIETO TOHUMAHNS MHOTOCTOPOHHHUX ITPOSIBJIC-
Huit PAA n ux 3HaYeHus 1711 KIMHUYECKOTO UCXO0/IA,
MOJIXO/I K TAKTHUKE Be/IEHUS TIPETEPIIeBAET C/IBUT T1apa-
JIUTMBI, 4TOOBI yuecTh 910 nposiierue. Kimaccuduka-
st Yuusepceutera lleHcnabBaHnm KIMHUYECKUX TIPO-
apyiennit PAA co3maeT ocHOBaHHBIN HA TPUHITUTIAX
(bynmamenT 7151 Takoro passutns [1, 57].
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Perioperative Myocardial Damage and Heart Failure
in Noncardiac Surgery. Part 1. Etiopathogenesis and Prognosis
of Perioperative Cardiac Complications (Review)

Igor A. Kozlov, Alexey M. Ovezov, Eleanor L. Petrovskaya

M. E. Vladimirsky Moscow Regional Research Clinical Institute
61/2 Shchepkin Str., 129110 Moscow, Russia

Iess myGauKanuu — 1PeA0CTABUTH HAYYHO-TIPAKTIHYECKYIO HH(MOPMAIIUIO 110 OI[EHKE PUCKA PA3BUTUSI MUOKap-
JIMATTBHBIX TIOBPEXK/IEHN 1Tocse Hekapauoxupyprudeckux onepanuit (MITHO): nimemun nin nadapkra Muokapia
(M), u/unu cepueunoit negocrarounoctu (CH) u ux npemynpeskaenuio y B3pocsbix naiuento. Hactosmmit
00630p JIUTEPATYPbI COCTOUT U3 IBYX Yacreil. B 1-ii vacTh NpoHAIM3MPOBAHBI SIIUAEMUOJIOTHSI, STUITATOTEHE3 U Me-
tozbl iporunozuposanus pucka [TOKO, Bo 2-it — Bo3MOXKHOCTU aIBIOBAHTHON (hapMaKOJIOTMUeCKOl Kapuorpo-
TEKIIUHU, & TAKXKE TOAXOJIbI K ONTUMU3AIMN AaHECTE3NOIOTYECKOr0 00eCIIeUeH s ONEPATUBHBIX BMEIIATENbCTB Y
GOJIBHBIX BBICOKOTO KAPHaIbHOTO PHUCKA.

[IpobJiema 1eproTIePaMOHHBIX KapIHATbHBIX OCTIOKHEHUI B HEKAPAUAIbHON XUPYPIUY SIBJISIETCS OHOU U3 aK-
TYaJIbHBIX KOMILJIEKCHBIX TPOOJIEM COBPEMEHHOI MEIMIIUHDL. B COOTBETCTBUY ¢ COBPEMEHHBIMU ITPECTABJIEHUSIMU
MITHO crasu paccMaTpiBaIOT B KAUeCTBE OT/IEJBHOTO BAPUAHTA ITATOJIOTUYECKOTO ITPOIIECCa B CEPIIEYHOI MBIIIIIE.
ITo raHHBIM OOIIMPHBIX UCCIIE0BAHUI Y B3POCIIBIX OOIbHBIX OK0JIO 40% JIETATbHOCTH TIPK HEKAPMATbHBIX OIlepa-
TUBHBIX BMeIIaTeIbCTBaX 00ycaoBaeHo pasanunbivu BapuanTamu MITHO u/uin CH. Ocobyio akTyabHOCTH pac-
cMaTpuBaeMast IIpobJIeMa UMEET [IPU OKA3aHUU MEIUIIMHCKOIT TIOMOIIH TTIOKIIBIM.

Kntoueswte cnosa: nepuonepayuonmvie KapouaivHoie 0CIOHCHEHUS; HeKapOUALbHble ONepauu; UHQapKm Muo-
Kapda; nospexcoeHue muokapoa; cepoeuras HedoCmamoyHOCMb; Hampulypemuieckue nenmuosl; MPONOHUHbL

The purpose of this paper is to provide scientific and practical information on assessment of the risk of myocardi-
cal damage development after noncardiac operations (NOMD): ischemia or myocardial infarction (MT), and/or
heart failure (HF) and their prevention in adult patients. This overview of literature consists of two parts. The first
part analyzes epidemiology, etiopathogeneis, and POCC risk prediction methods; the second part describes the pos-
sibilities of adjuvant pharmacological cardioprotection and approaches to optimizing anesthesiological support of
operative interventions in high cardiac risk patients.

The problem of perioperative cardiac complications in noncardiac surgey is one of relevant complex issues of
contemporary medicine. In line with contemporary views, NOMD is now regarded as a separate variant of a patho-
logical process in the heart muscle. According to extensive studies, about 40% of mortality of adult patients during
non-cardial operative inverventions are caused by various NOMD and/or HFE. The problem under discussion is par-
ticularly relevant when medical assistance is rendered to elderly patients.

Keywords: perioperative cardiac complications; noncardiac operations; myocardial infarction; myocardial damage;
heart failure; natriuretic peptides; troponins
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BBenenue

B 4-om YauBepcasbHOM oripeiesieHun nHdapk-
ta Muokap/a (M) [1] nepuonepaiirionnoe Muokap-

Introduction

In the Fourth Universal Definition of Myocar-
dial Infarction (MI) [1], the perioperative myocardial
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MabHOE TIOBPEKIEHIE TTPU HeKapIUOXUpPypruye-
ckux oneparnuax (MITHO) Bnepsble BbljiesieHO B
KayecTBe OT/EeJTbHOrO BAPHAHTA IATOJOTHYECKOTO
mnpolecca B CeplevHoll MbIIIIe. DTO MOAYEPKIBAET
MaKCUMaJIbHOE BHUMAHUE KINHUIICTOB K KapAUaib-
HBIM OCJIOKHEHUSIM Y GOJIbHBIX BBICOKOTO PUCKA, OTIe-
PHUPYeMbIX Ha PA3JIMYHBIX OpraHax. PaccmarpuBaemast
po6JieMa, HECOMHEHHO, SIBJISTIOTCST OJIHOM M3 aKTyaJb-
HBIX KOMILJIEKCHBIX TTPOGJIEM COBPEMEHHON Me/UIIn-
Hbl. [1o laHHBIM OGIIMPHBIX MCCJAECTOBAHWI Y B3POC-
JbIX 6oabHBIX Gosiee 40% OT Beeil JIeTaIbHOCTH TIPU
HEKap/[UaJbHbIX OIEPATUBHBIX BMEIIATEIbCTBAX
06y CJIOBJIEHO MEPUOTIEPAITMOHHBIME Kap/IHaTbHbIMI
ocnoxuenusmu (IIOKO), cpean xotopbix HanboJiee
YaCTBIMU SIBJISTIOTCS pasyinuHble BapuanTsl UM u cep-
neunas Hepocrarounocts (CH) [2—-4].

BaskHeHmmuM acrnekToM MpobJieMbl  SIBJISIETCS
npoduiaktuka u apheKTHBHOE CBOEBPEMEHHOE Jieve-
HUE DTUX OCJOXKHEHWIl Ha TOCITUTAJIbHOM ITarle.
Perenvie aToii 3a1aum, HECCOMHEHHO, TPEOYET MYJIBTH-
JMUCIUTLTITHAPHOTO TOIX0/IA C YYACTUEM Bpaveil pas-
HBIX CIEIMAJIbHOCTEN — KapIUO0JIOTOB, TEPAIIEBTOB,
XUPYProB U JIP., OJJHAKO KOOPAUHATOPOM BCETO IPO-
1ecca B XMPYPrudeckoM cTarinoHape 06bIYHO SBJISIET-
Cs1 aHeCTe3noJIoT-peannmMaTosior [5—10].

Ocoby10 aKTyalbHOCTh paccMaTprBaeMasi po-
6aeMa TpuoGpeTaeT MPU OKA3aHUU MEIMIUHCKOI
MOMOTIU MTOKUJIBIM. B MUpe 1mocTosIHHO BO3pacTaeT
KOJIMYECTBO OTEPAIUIL, BBIMTOIHSIEMBIX JIUIAM TOXKH-
JIOTO ¥ CTAPYECKOTO BO3PACTA, I0JIsS KOTOPBIX B Pa3BU-
THIX CTpaHax MOCTOsIHHO yBesjumumBaercs [10, 11].
Heo6x0auMocTh B XUPYPIUYECKOM JICUCHUN MTOKM-
JIBIX BOBHUKAET B HECKOJIBKO Pa3 vallle, YeM B CPeTHEM
no nomyJsaun [12, 13]. YkassiBaiot, 4to B GauxKaii-
mue 20 JieT cTapeHyie HACEJIeHMs CTAaHET OCHOBHbBIM
(haKTOPOM, BIUSIIONUM Ha OCOOEHHOCTU AHECTE3HOJIO-
rO-pPeaHrMaToJIOTUYeCKOl TakTuku [13].

[TomMuMO BBICOKOIA JIETATILHOCTH, TIEPHOTIEPAIHOH-
Hble HapyineHus dyukiuu cepana u/mm UM [14],
npuBoysne Kk pazsutuio ocrpoit CH (OCH) wiu
nexomrieHcaruu xporrnueckoit CH (XCH) cranossitest
MPUYUHON 1[eJIOTO PsiZia OCJIOKHEHUH, B OCHOBE KOTO-
PBIX JIEXKUT HECOOTBETCTBUE PE3EPBOB CEPIEUHO-COCY-
JIACTO# CUCTEMBI TOTPEOHOCTSIM OPraHU3MA U, KaK CJIe/I-
CTBUe, HAPYIIIEHIE KICIOPOI0-TPAHCIIOPTHOI (DYHKITUH
1 TKaHeBast TUOKCHsT [15]. Cpenu Taknux OCTOKHEHMI
HOJIMOPTaHHast AUCHYHKIUS /HEOCTATOYHOCTD, HAPY-
IIeHNE PerapaTUBHBIX [TPOIIECCOB B 30HE ONIEPATHBHOTO
BMEIIATENIbCTBA, HHPEKIIH, KOTHUTHBHbIE PACCTPOIi-
ctBa M ip. B pesyssrate yianunsercs npebbiBaHue B
OT/IEJIEHUW PeaHNMAIM U WMHTEHCUBHON Tepariu
(OPUT) u rocniurasmsaiiusi B 11eJioM, Pe3K0 BO3pacTaeT
3aTpaTHOCTb JieueHus [ 16—18]. Ikonomuyeckue 3arpa-
to1 ipu [TOKO xpaiine pmoporocrosiniu, HalipuMep B
CIITA crouMoCTb JieueHust MOAOOHBIX OCTIOKHEHUT
ortennBaetcs B 20 mapa USD B rop [2].

[To coBpemennbim ganubiM [18], IIOKO acco-
I[UUPOBAHBI C [TOBBIINIEHHO JIETAIBHOCTBHIO, JIETOTHbI-
MM, TIOUE€YHBIMI 1 HEBPOJIOTUMYECKUMU OCJIOKHEHHSI-

injury during noncardiac surgeries (NOMD) is for the
first time identified as a separate variant of a patho-
logical process in the heart muscle. It emphasizes max-
imal attention of clinical physicians to cardiac
complications in high-risk patients subjected to sur-
geries performed on different organs. The problem
under study is undoubtedly one of the relevant com-
plex issues of comtemporary medicine. According to
extensive studies, about 40% of mortality of adult pa-
tients during non-cardial operative inverventions are
caused by perioperative cardiac complications
(POCC), among which the most frequent are different
variants of MI and heart failure (HF) [2—4].

An essential aspect of the problem is prophylaxix
and effective timely treatment of these complications
at the hospital stage. Solution of this problem surely re-
quires a multi-disciplinary approach involving doctors
specializing in different fields - cardiologists, therapists,
surgeons and so on; however, in the in-patient surgical
environment, the whole process is usually coordinated
by an anesthesiologist-reanimatologist [5—10].

The problem under discussion is particularly rel-
evant when medical assistance is rendered to elderly
patients. In the world, the number of operations per-
formed on elderly and senile patients, the share of
whom is continuously growing in the developed coun-
tries, is continuously increasing [10, 11]. The elderly
need surgery several times more frequently than the
average population figure [12, 13]. They say that in
the next 20 years, aging of the population will become
the main factor influencing specifics of the anesthesi-
ological-reanimatological tactics [13].

Beside high mortality, perioperative functional
disturbances of the heart and/or MI [14], leading to
the development of acute HF (AHF) or decompensa-
tion of chronic HF (CHF), become a reason of a whole
number of complications explained by inconsistence
between cardiovascular system reserves and body re-
quirements resulting in oxygen-transport dysfunction
and tissue hypoxy [15]. Such complications include
multiple organ dysfunction/insufficiency, disturbed
reparative processes in the operative intervention
zone, infections, cognitive disorders, etc. As a result,
the ICU and in-patient period in general becomes
longer, the cost of treatment rises dramatically
[16—18]. The economic costs during POCC are highly
expensive; in the USA, for instance, the estimated cost
of managing such complications amounts to USD 20
billion a year [2].

According to current data [18], POCC are asso-
ciated with increased mortality, pulmonary, renal, and
neurological complications, sepsis, requirement for
blood transfusions, revisions and extended in-patient
period. The said complications are similarly typical for
vascular and major general surgeries. Increasingly
greater attention is recently paid to post-hospitaliza-
tion consequences of POCC, which include not only
the 30-day mortality, but aggravation or development
of CHF underlied by left ventricle (LV) remodeling
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MM, CETICKCOM, TIOTPEOHOCTBIO B reMOTpaHChy3UX,
MOBTOPHBIMHU OIIEPAIMSMU U ITPOIJIEHHON TOCIIUTATIH-
3a1ueil. YkazaHHble OCJIOKHEHUS OJMHAKOBO Xapak-
TEPHBI JIJISI COCY/IUCTBIX U OGIIUPHBIX OOMIEXUPYPru-
YeCKUX BMeNIATeJbCTB. B rociennee Bpemsi Bce
GoJIblIiee BHUMAHUE CTAJIHU YAEJIATh TIOCTTOCTIUTAb-
HbiM niocstesicTBusM [TOKO, cpesin KOTOPBIX HE TOJIb-
K0 30-CcyTOUHast JIETAIbHOCTD, HO U yCYTyOJIeHue WK
pazsutre XCH, B ocHOBE KOTOPOI JIEXKUT PEMO/IEITH -
poBanue JeBoro xerynouka (JIK) [19]. Kpome Toro,
VKa3bIBAIOT Ha IOBbIIIeHHE pucka 16-mecsayHoii
JgetansbHOCTH, HedaTanbubix UM, nepudepudecknx
TPOMOO30B U AMITY TaI[MiT KOHEYHOCTEH, a TAKIKe Ullle-
MUYecKnX UHCYJI6TOB [20].

3a pybexkoM 1ybarKyIOTCS IeTalIbHbIE PEKOMEH-
JAIMU 110 ONITUMAJIBHON JIMarHOCTUYECKU-JIedeGHOT
TaKTUKe, HAIIPaBJIeHHOI Ha cHIKenne pucka [TOKO
[13, 21, 22—25]. AnasorndHble peKOMEH/IaI[K N3/Ial0T-
¢ 1 00CyKIaloTes U B Hawreii crpane [12, 27, 28].

Puck ITOKO HanpsiMmyo 3aBUCHUT OT COCTOSTHUS
MaIMeHTa /10 XMPYPrudecKoro BMENIaTeIbCTBa, Haju-
YUs COMYTCTBYIONMNX 3a60J€BAHUN ¥ UX TSKECTH.
Kpowme aToro, Ha Mporuo3 okasbIBaIOT BJANUSHIE CPOU-
HOCTb OIEPATUBHOTO BMEIIATENbCTBA, 00BEM, CIIOK-
HOCTD U JJIUTEJIBHOCTD Ollepalliy, & TAK:Ke U3MEHEHHEe
B XO/I¢ Ollepallii TeMIIEPaTypbl TeJla, CTeleHb KPOBO-
norepu, 06beM BBOAUMOIT skuaKocTH. CUUTAIOT, YTO
BBIGOP ONTUMAIBHOIN TAKTUKU TIEPUOIEPAI[HOHHOTO
BEJICHUS MAIIMEHTOB 1103BOJISIET CHU3UTDH 4acTOTY U
tskecth IIOKO. Ocobennoctu jieuebHo-npoduIak-
TUYECKOM TaKTUKH, HANPABJICHHOW Ha CHUXKEHHE
pucka [TOKO, BapbupyloTcst B 3aBUCUMOCTHU OT Xapak-
Tepa COIMyTCTBYIONMX CEPACUHO-COCYANUCTBIX 3a00J1e-
BaHUM, UX CTAJIMH, [IEPEHECEHHBIX MHTEPBEHIIMOHHBIX
IIPOIIE/LY P, KAPAMOXUPYPIUYECKUX OTIepaIluii U JIp., 4TO
HAIILJIO OTPAKEHKE B TOAPOOHBIX KIMHUYECKUX PEKO-
MEH/IAIMAX, B KOTOPbIX TPOAHAIN3UPOBAHBI KIMHIYE-
CKIEe 0COOEHHOCTH KJIAMTAHHBIX TIOPOKOB, PA3IMYHBIX
HapyIIeHUH TPOBOJMMOCTH M PUTMa CEP/IA, COCTOS-
HUW TI0CJie CTEHTUPOBAHUS KOPOHAPHBIX apTepuii,
KOPOHAPHOTO IIYHTUPOBAHUS, TPOTE3UPOBAHUS CEP-
JIeYHbIX KJanaHoB u jip. [12, 13, 21-26].

[lenb mybauKaiuu — TPEAOCTABUTH HAYYHO-
IIPAKTUYECKY10 MH(OPMAIUIO TI0 OIIEHKE PUCKA PA3BU-
tug MITHO (uniemust i UM) u/wmm CH w ux nipen-
VIPEXKICHUIO y B3POCJbIX TaireHToB. Hactosmmii
0030p JITepaTyphbl COCTOMUT U3 ABYX YacTeil. B 1-ii vactu
ITPOHAIM3UPOBAHDI AUIEMHUOJIOTH, dTUIIATOTCHE3 U
MeTozibl iporHo3upoBanus pucka [IOKO, Bo BTopoit —
BO3MOKHOCTH a/IbIOBAHTHOI (hapMaKosIOrnyecKoi Kap-
JIMOIPOTEKITNH, & TAKIKE TTO/IXO/Ibl K OIITUMU3AIH aHe-
CTE3MOJIOTHYECKOTO OOECTICYeH ST OTIEPATUBHBIX BMe-
MIATEJIBCTB Y OOJIBHBIX BBICOKOTO KaPJAUAIBHOTO PHCKA.

INUAEeMHOIOTHSA U KIMHUYeCKas
crpykrypa IIOKO

ITOKO moryr pasBuBarbcst y GOJIbHBIX C Juar-
HOCTUPOBAHHON MU GECCUMITOMHON UIIEMUYECKON

[19]. Besides, increased risk of 16-month mortality,
non-fatal MI, peripheral thrombosis and limb ampu-
tations, also ischemic strokes is pointed out [20].

Detailed recommendations concerning optimal
diagnostic and treatment tactics aimed at POCC risk
reduction are published abroad [13, 21, 22—-25]. Sim-
ilar recommendations are published and discussed in
this country, too [12, 27, 28].

POCC risk depends directly on the patient con-
dition before surgery, concomitant diseases and their
severity. Besides, prognosis is affected by operative in-
tervention urgency, operation scope complexity and
duration, also intraoperative change of the body tem-
perature, blood loss level, and volume of administered
liquid. The choice of the optimal tactics for perioper-
ative management of patients is considered to reduce
POCC occurrence and severity. Peculiarities of the
treatment and prophylaxis tactics aimed at reduction
of the POCC risk vary depending on the nature of
concomitant cardiovascular diseases, their stage, ear-
lier intervention procedures, cardiosurgeries etc.,
which has been reflected in detailed clinical recom-
mendations through analysis of clinical peculiarities
of valve defects, various disorders of conductivity and
heart rhythm, conditions after coronary artery stent-
ing, coronary bypass surgery, valve replacements, and
soon. [12,13,21-26].

The purpose of this paper is to provide scientific
and practical information on assessment of the risk of
NOMD (ischemia or MI) and/or HF and their pre-
vention in adult patients. This literature overview
consists of two parts. The first part analyzes epidemi-
ology, etiopathogeneis, and POCC risk prediction
methods; the second part describes the possibilities of
adjuvant pharmacological carioprotection and ap-
proaches to optimizing anesthesiological support of
operative interventions in high cardiac risk patients.

POCC epidemiology and clinical structure

POCC may develop in patients suffering from di-
agnosed or asymptomatic ischemic heart disease
(IHD) and/or LV dysfunction, cardiac valve defects
and arrhythmias. Development of MI associated with
high mortality — 15-25% — is the most frequent com-
plication. Among 100 million adults aged 45 years and
older, who undergo extracardiac operative interven-
tions, about 3 million develop MI [4]. Increasingly
more attention is paid recently to the so-called isolated
(without clinical symptomps) ischemic increase of tro-
ponin during the postoperative period, which is classi-
fied as NOMD along with MI [19,28]. The Fourth
Universal Definition of Myocardial Infarction suggests
considering NOMD as a separate varioat of heart mus-
cle injury that differ from typical MI[1]. Other POCC
include: sudden cardiac death, severe disturbances of
heart rythm, CHF decompensation [13, 21, 26, 27].

It is mentioned that among 100 million patients
undergoing noncardiac surgeries worldwide, POCC is
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6osesnbio cepaua (MBC) u/wnmn pucdyuxmmeit JIJK,
KJIAIIAHHBIMU [TOPOKaMu cep/iia 1 aputmusmu. Han-
GoJIee YaCThIM OCJIOKHEHNEM sBJisieTcst pasButre M,
COIIPOBOXK/AIONIEECS BbBICOKOH JIETAJbHOCTBIO —
15-25%. Cpemu 100 MUIITHOHOB B3POCJIBIX B BO3pacTe
45 51et u craplile, MOIBEPraOIUXCsT IKCTPAKAPIUAIb-
HBIM OTIepaTUBHBIM BMelaTesnbcTBaM, MIM nepenocar
okoJsi0 3 MuJMoHOB [4]. B mocsiesinee Bpemst Bce
GoJrbliee BHUMAHUE Y/IEIAIOT TaK HA3BIBAEMOMY M30-
JpoBaHHOMY (6€3 KIMHUYECKUX CUMIITOMORB) HIIie-
MUYECKOMY IOBBIIIIEHNIO TPOIIOHUHA B TIOCIe0Iepa-
LIMOHHBIN 1epuoi, kotopoe, Hapsany ¢ IM, oTHocAT K
MITHO [19, 28]. B 4-m YHuBepcaibHOM OTIpejeie-
Hun UM MITHO npepsioxxeno paccmMaTpuBaTh Kak
OTJIEJIbHBIM ~ BapUaHT IOBPEXKJAECHUS  CEpAEeYHOM
MBIIIIBI, OT/IMYaomuiics or obsunoro MM [1].
Cpenu apyrux [TOKO: BHe3arHas cep/ieaHast CMEPTh,
TSoKeJIble HApYIIeHUS PUTMa CEP/IIA, ICKOMIIeHCAIUs
XCH [13, 21, 26, 27].

YkasbiBaior, uto cpegu 100 MuMoHoB narueH-
TOB, ITO/IBEPTAIONIMXCS BO BCEM MUPE HeKapualbHbIM
omeparnusiM, y 500-900 TbhicsY AUArHOCTHUPYIOT
ITOKO [2]. Hau6osee monno npeacrasjiena nHOOP-
Marus o pactipoctpanennoct MITHO: B mupe exe-
rogao 10—13 MUIJIMOHOB TAIMEHTOB TEPEHOCST
MITHO [19]. dantbie 06 yaeabHoM Bece IM B rpy1i-
e 6osbHbIx ¢ MITHO Bapwsupytorest. Ilpu onpesese-
HUM B KaueCcTBe KpUTepust TporoHuHa T 110 00bIYHOI
Mmetoauke vactora MM cocrasusier 41,8%, a npu
HCIIOJIb30BAHUM BBICOKOUYBCTBUTEJIBHONH METOAMKU
onpe/iesienust TporouuHa B crpykrype MITHO noms
GeCcCMITTOMHOTO TIOBBIIIEHUST MApKepa MOBBIIIACTCS,
a nosist UM cumskaercst o 22-29% UM [19, 29].
OrpesiesieHHbIE 9KCTPAIIOJIAINHN TO3BOJISAIOT OIIEHNUTD
pacnpoctpanerrocTs [IOKO B eBporneiickux crpaHax.
YcTaHOBIIEHO, YTO UHUCJIO €KETO/THO BBIITOJTHSAEMBIX B
MUPe OllepaTUBHBIX BMEIIATEIbCTB COCTABJISET OKOJIO
4% ot uncnennoctu Hacenenus [30]. s EBpons ¢
YHUCIEHHOCTBI0 HaceseHus Gosee 500 MUJIIMOHOB
YeJIOBEK KOJMYECTBO OIEPAaTUBHBIX BMEIIATEJIbCTB
COCTaBUT 0K0JI0 19 MuiLmioHoB, mpudeM okoJio 30%
HOCJIEHUX, T.€. He MeHee 5,7 MUJUIMOHOB — 3TO
o6IMpHBIE OTepaIu y GOJBHBIX ¢ COYTCTBYIOIIEH
cepjieuHo-cocyuctoit marosorueit [13]. Mexomust us
npezacrasyaennii o yactore [IOKO, oueBumHO, 4TO B
cTpanax EBporieiickoro corosa e;kerofHo pa3BuBaeTcs
e Metee 167 000 ITOKO, B Tom uncie 19 000 ocio:x-
HEHUIA ¢ JieTaqbHbIM rcxooM [13].

OrevecTBeHHBIE MCCIE/I0OBAHNS, OCBENAIONINE
srzaemuosoruio [ITOKO nemuorounciaennst [5-7, 31,
32]. IIpu moJoCTHBIX ONepaIusix, B TOM YUCJIE OHKO-
JIOTUYECKUX, Y OOJBHBIX MOKUIOTO U CTAPYECKOTO
Bo3zpacta yacrtora [IIOKO cocrasser okomno 10% [7],
OJIHAKO NpU HauboJiee TPABMATUYHBIX BMEIIATEb-
CTBaX MOKET IocTUTaTh 24% [32].

Jloa pazsutust [IOKO xapakTepHbl HECKOJIBKO
<ITUKOB»: 32% OCJIOKHEHWIT IMarHOCTUPYIOT B IIEPBbIE
3 CyTOK TIepuOIIepaIliOHHOr0 MePHoza, U 32% — Ha
6—8-e cyTku [7]. Yeranosieno, uto 6osee 70% mociie-

diagnosed in 500 to 900 thousand [2]. Information
about NOMD prevalence is presented most fully:
10—13 million patients suffer NOMD every year
worldwide [19]. Data about specific weight of MI in
the NOMD population vary. When troponin T is de-
termined as a criterion following conventional
method, MI occurrence equals to 41.8%; when a
highly sensitive method of determining troponin is
used, the fraction of asymptomatic increase of the
marker grows while the fraction of MT falls down to
22-29% in the NOMD structure [19, 29]. Certain ex-
trapolations allow assessing POCC prevalence in the
European countries. It has been established that the
number operative interventions performed in the
world every year is about 4% of the population size
[30]. For Europe that has a population exceeding 500
million, the number of operative interventions will
amount to 19 million approximately, wherein about
30% of the latter, i.e. at least 5.7 million are major sur-
geries in patients with concomitant cardiovascular
pathology [13]. Based on the idea of POCC preva-
lence, at least 167,000 POCC develop evidently in the
European Union countries every year, including
19,000 complications with fatal outcome [13].

There are few domestic studies covering POCC
epidemiology [5-7, 31, 32]. During abdominal opera-
tions including oncological ones, POCC occurrence
in elderly and senile patients equals to 10% approxi-
maly [7], though it can reach 24% during most trau-
matic interventions [32].

POCC development is characterized by several
‘peaks’: 52% of complications are diagnosed during the
first 3 perioperative days and 32% — on day 6-8 [7].
It has been established that more than 70% of postop-
erative MI develop within the first 48 hours, at that,
in 75% of cases they are asymptomatic [33]. The rea-
sons for the asymptomatic nature of early postopera-
tive MI are postmedication after general anesthesia,
wide prescription of analgetics, ‘masking’ pain in the
operative intervention region etc. [33].

Analysis of the POCC spectrum in the Russian
healthcare environment has found that MI at the
background of initial subcompensated coronary insuf-
ficiency is diagnosed in 23.2% of cases, M1 in patients
without clinical symptomps of THD — in 26.8%; sud-
den cardiac death occurs in 5.4% of patients, cardiac
decompensation occurs in 44.6% of patiets [7]. Ac-
cording to some investigations, nosocomial mortality
during development of such complications may reach
45.5%, which is 9 times higher than the mortality in
other patients [7].

POCC Etiopathogenesis

NOMD comprises: 1) MI conforming to
mordern criteria [1] — a combination of increased
level of cardio-specific troponin (with the exception
of MI of type 3) with one or more symptoms of my-
ocardial ischemia; 2) an isolated ischemic increase of
troponin [19].
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orneparonubix V1M pasBuBaioTcst B iepBble 48 4acos,
npudeM B 75% HaOMOAeHUI UMEIOT OeCCUMIITOMHOE
tevyenue [33]. [IpuunHamu 6eCCUMITOMHOCTH PAHHUX
nocJeorneparoHHbX M aBIISI0TCS TOCTMEAUKAIINST
nocJie 001t aHeCTe3n H, MMPOKOE HA3HAYCHNE aHAJ-
FETHUKOB, «<MaCKUPYIOIIHe» GOJIH B 06JIaCTH OlIepATHB-
HOTO BMellaTeJbcTBa u 1p. [33].

[Tpwm amanusze crexrpa [IOKO B ycmoBusix poc-
CUIICKOTO 3/[paBOOXpPaHEeHH ycTaHOBJIeHO, yTo VIM Ha
(hoHe UCXOAHON CyOKOMITEHCUPOBAHHON KOPOHAPHOI
HEJ0CTATOYHOCTH AUATHOCTUPYIOT B 23,2% Habutoe-
uuit, UM y GonbHBIX 63 KIMHUYECKUX IIPU3HAKOB
NBC — B26,8%;y 5,4% 60JIBHBIX HACTYTIAET BHE3AITHAST
CepiIeuHas CMEePTb, y 44,6% — JAeKoMIIeH Al cep/iey-
Hol fiesitesibHOCTH [7]. TTo TaHHBIM OT/IETBHBIX HCCTIe-
JOBAHWIT TOCTIMTATBbHAS JIETAJBHOCTD TIPH PA3BUTHHU
TaKUX OCJOKHEHWH MOXKET COCTaBUTh 45,5%, B 9 pas
TIPEBBITIAS JIETATBHOCTh Y OCTAIbHBIX MAIMEHTOB [7].

Idtuonarorenes [IOKO

MITHO sxiiouaer B cebs: 1) YIM, coorser-
CTBYIOIIUI COBPEMEHHBIM KpuTepusm [1] — couera-
HUE TIOBBIIIECHUS YPOBHS KapAMOCTEenn(pIIecKoro
TponoHnHa (3a uckiaouennemM MM 3-ro tuma) c
oftHUM 1iu GoJiee IPU3HAKAMU UIIEMUN MUOKaP/Ia;
2) M30TMPOBAHHOE UTIIEMUYECKOE TTOBBITNEHNE YPOB-
Hd TponionuHa [19].

Caenyer otmetnts, uto onpesneaerne MIT [1],
TakKe Kak u onpesenenne M, 6a3upyiorcs, mpesk/e
BCETO0, HA ONPE/IeJIEeHUH YPOBHA Kapauoctenuduye-
ckoro TportoHuHa B KpoBu. Tepmua MII pexomeny-
€TCs UCIMOJIb30BATh TOT/IA, KOT/IA BBIABJISETCS CO/EP-
JKaHWe TPOIOHMHA B KPOBH, IpeBblnaiomniee 99-ii
MePIIEHTUITb BEPXHETO pedhepeHCHOTO Tpesea («upper
reference limits> — URL) [34]. MII cuurtatoT oCTpBIM,
€cJIi B IIOBTOPHBIX aHA/IN3axX OIIpe/lesIsieTcs IOBbIle-
HUe 1/WJIN CHUKEHWEe YPOBHA TporioHuHa [ 1, 34].

Kputepusimu IM sBasifoTest copepkanue Tpo-
[IOHMHA B KPOBH, IIpeBbiaioniee 99-ii mepuenTuib
URL, ¢ 3akoHomMepHOU AWHAMWUKOU (ITOBBIMICHUE
U/VJIH CHUKEHWE) B COUETAHUN XOTsI OB C OTHUM U3
CJIEYIONINX MPU3HAKOB: CUMIITOMBI MUOKAPIUAJIbHOI
UIEeMUH, HOBbIEe UllleMuueckue nsmenenns Ha IKI,
nosiBjieHe marosormdeckoro s3ybia Q na KT, Busya-
JIU3AIMs BHOBb Pa3BUBIIUXCS TIOTEPD JKU3HECTTOCO0-
HOTO MMOKap/a WM HapylIeHUH cerMeHTapHOM
COKPATUMOCTHU UTIEMUYECKON STHOJOTHH, UACHTU U -
KaIust KOPOHAPHOTO TpoM60o3a Ha aHTHOTpacuu MK
IIPY MATOJIOTOAHATOMUYECKOM HccieoBaHuu [1].

Y4uTeiBas TEHTPAJBHYIO POJIb OTpeneeHUS
Kapauocienuduieckoro TpOoOHMHA B JMarHOCTUKE
MITHO u UMM, ocTaHOBUMCSI Ha METOIAMYECKUX
acrexTax aroro jabopatopHoro TecTa. BBemenue
nousaTusg 99-ro neprentusis URL kak ypoBHS, Bbilie
KOTOporo jauarHoctupyercs: UM, ¢BsizaHo ¢ TeM, UTO
oTIpe/iesieHe TPOIIOHWHA He SABJISAETCH TOJHOCTHIO
CTaH/IAPTU30BaHHbBIM. PedpeHcHble 3HaUeHUS B pas-
JIMYHBIX JTAOOPATOPUAX ¥ TIPU UCTIOJB30BAHUY Pa3-

It should be noted that the definition of MP [1],
same as the definition of MI, is based, first of all, on
determining cardio-specific troponin in blood. It is
recommended to use term ‘MP’ when blood troponin
content exceeding the 99 percentile of the upper ref-
erence limit is detected («upper reference limit» -
URL) [34]. MP is considered acute when repeated
analyses identify an increased and/or decreased tro-
ponin level [1, 34].

MI criteria are blood troponin content exceeding
the 99t percentile of URL with consistent dynamics
(increase and /or decrease) combined at least with one
of the following signs: myocardial ischemia symptoms,
new ischemica changes on ECG, appearance of patho-
logical Q wave on ECG, visualization of newly devel-
oped losses of viable myocardium or disorders of
segmental contractility of ischemic etiology, identifi-
cation of coronary thrombosis during angiography or
postmortem examination [1].

Considering the central role of cardio-specific
troponin determination in the NOMD and MI diag-
nosis, we turn our attention to the methodical aspects
of this laboratory test. Introduction of the notion of
99th percentile of URL as the level above which MI
is diagnosed is connected with the fact that troponin
determination is not fully standardized. Reference val-
ues maby vary between different laboratories and dif-
ferent reagent sets. That is why for diagnostic
purposes, the 99th percentile of URL — the biomarker
level at which in the healthy population 99 of 100 sub-
jects will have negative diagnosis and only 1 of 100
might have a false-positive result — is used rather than
specific values [34]. The value of the 99the percentile
of URL is given by manufacturers in inserts to analyt-
ical instruments, so troponin increase criteria are in-
dividual for each laboratory.

Perioperative MI pathophysiology vary compris-
ing etiopathogenetic mehanisms of M1 of type 1, 2, and
3 [1]. Type 1 MI develops as a result of rupture or ero-
sion of an atherosclerotic plaque followed by coronary
artery thrombosis. During the perioperative period,
type 1 MI might occur both in patients with hemody-
namically significant atherosclerotic plaques and in the
zone of coronary arteries affected by atherosclerosis,
but without hemodynamically significant stenosis [14].
Such variant of complication is usually related to rup-
ture of an unstable atherosclerotic plaque [13, 35, 36].

The peculiarity of an unstable plaque is a large
lipid nucleus enclosed in a fibrose capsule and contain-
ing thrombogenic lipids, macrophages and cytokines
[38]. Various factors of an operative intervention (sys-
temic inflammation, cytokine disbalance, endothelial
dysfunction, hypercoagulation etc.) may induce rup-
ture of an unstable atherosclerotic plaque and coronary
artery thrombosis [24, 38]. The prevalence data about
perioperative type 1 MI are heterogenous. Some angio-
graphic studies detect plaque ruptures in 50—-60% of
patients suffering from this complications [39, 40],
while other studies do not support these data [14, 41].
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JIMYHBIX HABGOPOB PEAKTUBOB MOTYT OTJINYATHCS.
IToaToMy a1l AMArHOCTUYECKUX liesieil UCII0Ib3YI0T
He KOHKpeTHbIe 3Hayenust, a 99-it neprentusip URL —
ypoBeHb Ornomapkepa, npu koropom 99 uz 100 juiy
30POBOU MOMYJIAIII OYAyT UMETh OTPUIATEIbHBIN
nmartos v Tobko 1 u3 100 MoskeT UMeTh JIOKHOIIOJI0-
JKUTEJbHBIH Tuario3 [34]. 3nauenne 99-To neprieHTu-
g URL ykaspIBaloT TpOM3BOANTENN HA BKJIA/IbIIIAX
AHAJIUTUYECKUX HAOOPOB, TOITOMY KPUTEPUU TIOBBI-
HIEHUS TPOIIOHMHA WHJAMBUYAJIbHBI IS KasKI0U
JabopaToOpum.

[Tatocdusuosoruss nepuonepanuonnoro MM
BapbUPYETCsT, BKIIOYAs B ce0s aTUNATOTeHETUYECKUE
MexanuaMbl UM 1-, 2- 1 3-to tumna [1]. UM 1-to Tuma
pasBUBaETCA B pe3yJibraTe pa3pbiBa WU 9PO3UU aTe-
POCKJIEPOTUYECKON BJISATIKHI € TIOCTEYIONUM TPOMGO-
30M KOPOHapHOH aprepuu. B mnepuonepannonHbiii
nepuoz IM 1-ro Tuiia MOKeT BO3HUKHYTH Kak y 60JIb-
HBIX C TeMOJIMHAMUYECKY 3HAYNMBIMU aT€POCKIEPOTH-
YECKUMU OJISTIIKAM TaK ¥ B 30HE KOPOHAPHBIX apTepuii,
MOPAKEHHBIX ATEPOCKIEPO3OM, HO 6€3 TeMOIHAM Y-
CKU 3HAUMMBIX cTeHO30B [14]. Takoil BapuaHT 0CI0XK-
HEHWsl, KaK TIPABUJIO, CBA3aH C PA3PbIBOM HECTaOUIIb-
HOIT aTepockiepoTrdeckoii Gasku [13, 35, 36].

Oco6eHHOCTHIO HECTAOUTBHON OJIAIIKY SBJSET-
cs1 GOJIBIIIOE JIMMTUAHOE /PO, TIOKPBITOE (hUOPO3HOIT
Karcynoi v cozjepskaiiee TpPOMOOTEHHbIE JIUTU/IBI,
Makpodaru u utTokunsl [38]. Pazmmunbie hakTopbl
OTIePaTUBHOTO BMEIIATEIbCTBA (CUCTEMHOE BOCIIae-
HII€, [IUTOKUHOBBII TUCOATTAHC, SHAOTETUATbHAST [IC-
(byHKITISA, TUTIEPROATYJIATINS U JIP.) MOTYT CITPOBOIIH-
POBaTh Pa3pbiB HECTAOMIBHOI aTEPOCKIEPOTHYECKOI
6asAmKy 1 TpoM603 KopoHapHOU aprepun [24, 38].
[lanHblie 0 pacrpocTpaHeHHOCTH TIEPUOTIEPAITMOHHOTO
UM 1-ro tumna neoanopoaubl. OTaesbHble aHTHOTPA-
(buveckue nCCae0BAHNS BBISIBIISIIOT PA3PBIBbI OJIs-
ek y 50-60% 6oMbHBIX ¢ 3TUM ocyiokHeHreM |39,
40], apyrue He MOATBEPKIAIOT 3TH Aannbie |14, 41].

[Tepuonepanuonnbiit UM 2-ro tuma HeKOTOpbie
ABTOPBI CYUTAIOT HAUOOJIEe THITHIHBIM OCJIOKHEHITEM
[14, 41]. Hapymenue 6ananca goctaBku u norpebie-
HIISI KHCJIOPO/Ia B MHOKAP/IE MOJKET BO3HUKATH Y O0JTb-
HBIX C PAa3JINYHBIM COCTOSIHUEM KOPOHAPHBIX apTepHii:
MIPU BBIPAXKEHHOM CTEHOTHMYECKOM TIOPaKEHUH, TIPU
KOpOHApOCTa3Max U MUKPOIUPKYJIATOPHOM JIHc-
dbyHKIMU, BMOOIUSAX B KOPHAPHDIE APTEPUH, JIUCCEK-
IUSX KOPOHAPHBIX apTEPUil 1 MHTPAMYPAJIbHbIX TeMa-
TOMaX COCYIMCTOM CTEHKH, a TaKyKe ITPU MHTAKTHBIX
KOPOHApHBIX apTepusx [1]. dTronatoreHeTUIECKUM
(baxropamu UM 2-ro Tuma gBAAIOTCSA: TAXUAPUTMUH,
BBIPQKEHHAS apTepUaNbHask THIIEPTEH3UsI, 0COOEHHO
B COYETAHUU ¢ TUniepTpodueli MUOKapIa, TAKeJble
OpaMapuTMHUM, JIBIXaTeJIbHASA HEJOCTATOUHOCTD,
TKesasd aHEeMUs, apTepuaabHas TUITOTEH3U U OK
[1]. B meproniepatmonHbIii epros CHISKEHUE T0CTaB-
KU /WU TTOBBITIIEHIE TIOTPeOJICHUsT KUCTIOPOJIa Cep-
JIEYHON MBIIIIIEed MOKET BOSHIUKATh U YCYTyOIaThCS
Ha (hoHe TeMOIMHAMUYECKIX, HEUPOIHIOKPUHHBIX U
MeTaboNIeCKUX HApPYIIeHNH, XapaKTePHBIX [IJist

Some authors consider perioperative type 2 MI
amost typical complication [14, 41]. Upset of the my-
ocardial oxygen delivery and uptake balance might
occur in patients with different condition of coronary
arteries: pronounced stenotic lesion, during coronary
spasms and microcirculatory dysfunction, embolism
into coronary arteries, coronary artery dissections and
intramural hematomas of the vascular wall, also in case
of intact coronary arteries [1]. The etiopathologic fac-
tors of type 2 MI are: tachyarrhythmia, pronounced
arterial hypertension especially when it is combined
with myocardial hypertrophy, severe bradyarrhyth-
mia, respiratory distress, severe anemia, arterial hy-
potension and shock [1]. During the perioperative
period, decreased delivery and /or increased consump-
tion of oxygen by the heart muscle might occur and
aggravate at a background of hemodynamic, neuroen-
docrinal and metabolic disorders typical for the peri-
operative period (arterial hypotension, hypovolemia,
tachycardia, spastic responses and vasospasm, hypox-
emia, electrolyte disorders, acidosis etc.) [1, 13, 25].

Finally, during the perioperative period, type 3
MI may develop, which is classified as a sudden death
at the background of fresh ischemic changes on ECG,
ventricle fibrillation or other symptoms of myocardial
ischemia when the troponin level was not determined
due to shortage of time [1].

An isolated increase of troponin as a variant of
NOMD during the perioperative period of noncardiac
surgeries is attracting increasingly more attention of
clinicists [19, 28]. Identification of this complication
is based on blood troponin level and diagnosed if
within 30 days of the postoperative period, troponin
T level equal to 0.03 ng/ml (established using highly
sensitive instruments of the 4" generation) or higher
caused by myocardial ischemia that did not result in
MI and in the absence of alternative non-ischemic rea-
sons for troponin increase (pulmonary artery embolia,
sepsis, tachysystolic atrial fibrillation, cardioversions,
chronic increase of troponin, etc.) was detected [19,
29]. NOMD without MI might be related to the same
etiopathogenetic mechanisms that are realized during
development of type 1 or 2 MI [19]. Unfortunately, in
the absence of highly sensitive method of determining
cardio-specific troponins, the diagnosis and verifica-
tion of NOMD without MI might be difficult [1]. Nev-
ertheless, usual laboratory tests for troponins might
be acceptable. Detection of an isolated increase of the
biomarker above the 99th percentile of URL subject
to fulfillment of the said conditions gives grounds to
diagnose NOMD [1].

Heart failure. According to the definition given
by the American College of Cariology and American
Heart Association (ACC/AHA), HF is a complex clin-
ical syndrome, which a result of any structural or func-
tional disorder of filling heart ventricles with blood or
ejection of the latter [42]. In the end, HF affects all or-
gans and systems. During HF, structural and /or func-
tional disorders might result not only in cardiac
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MEepPUOIIEPAIIMOHHOTO 1epuojia (apTepuajibHas TUIIO-
TEH3Us, TUIIOBOJIEMUS, TaXUKAP/AMS, ClIaCTUYECKHe
peaxiuy 1 Ba3oca3M, TUIIOKCEeMUS, 3JIEKTPOJIUTHDIE
paccrpoiicTBa, annmos u ap.) [1, 13, 25].

Hakowneri, B nepronepaiinoOHHbIN 1€PUOJ MOXKET
pazButbes VIM 3-ro Tuna, KoTopslil Kaaccuduiupy-
eTcs KaK BHe3aIHasi CMepTh Ha (poHe CBEKUX UIIEeMHU-
yeckux usmenennit Ha DKI, pubpuiLanmu xerypod-
KOB WJIU IPYTUX TPU3HAKOB UIIIEMUU MUOKaP/Ia, KOT/Ia
olIpe/ieieHre YPOBHS TPOIIOHMHA He BBIIIOJHEHO
BeJsiezicTBUE fechurinra Bpemenn [1].

WN3osmpoBanHoe MOBBINIECHIE YPOBHS TPOIIOHU-
Ha, kak Bapuant MIITHO, B mnepuonpanuoHHbIii
MEePUO/] HEKapIUaJbHbBIX Ollepaluii IIPUBJICKAET BCe
Gosbliee BHUMaHKe Kauaunuctos [19, 28]. Oupene-
JIEHUE 3TOTO OCJIOKHEHUsT Ha3upPyeTcs Ha yPOBHE TPO-
MMOHMHA B KPOBU U JAMATHOCTUPYETC, €CJI B TCUCHHE
30 cyTOK 11ocJieonepaiioHHOT0 epro/ia 3aperucTpu-
poBano 3navyenue TpornouuHa T 0,03 ur/ma (onpene-
JIEHVE € TIOMOII[HIO BBICOKOYYBCTBUTEIBHBIX HAGOPOB
4-TO TIOKOJICHU ) UJIH BbIIIIE B Pe3yJIbTaTe MUOKAP/U-
AJbHOM MINIEMUHN, KOTOPash He Pe3yJbTHpOoBaach B
WM, 1ipu oTCyTCTBUHN aJbTEPHATUBHBIX HEUIIEMUYe-
CKUX MPUYUH TIOBBINICHUST TPOTIOHUHA — IMOOJIUK
JIETOYHOW apTepuM, celcuca, TaXUCUCTOJINYeCcKas
dhopma GUOPUIIATIIUN TIPeICepANii, KapIUOBEPCHid,
XPOHUYECKOTO TIOBBIIIIeHNs TportoHrHa u jip.) [19, 29].
K MITHO 6e3 UM MOryT IIPUBOANTH T€ K€ TUIIATO-
reHeTUYecKre MEeXaHU3Mbl, KOTOPbIE Peau3yIoTCs
nipu pazsutr UM 1-u 2-ro tuna [19]. K coxkanenuio,
B OTCTYTCTBUE BBICOKOUYBCTBUTEJIbHBIX METOIMK
olIpe/iesIeHUsT KapauoceuduiecKux TPOIOHUHOB
muarHoctuka u sepudukaiys MITHO 6e3 UM moryT
6biTh 3arpyanensl [1]. Tem He MeHee, pueMIeMbl U
o6bIuHble 1aGOpPATOPHBIE TECThl HA TPOTIOHHUHBI.
BoisiBienre M30JMpPOBAHHOTO IOBBINICHUS YPOBHS
6uomapkepa Haz 99-m nepuentuiem URL 1pu
COOJTIO/ICHIH BBITIEYKA3aHHBIX YCJIOBHIT IaeT OCHOBA-
Hug quarHoctupoBate MITHO [1].

Cepaeunas HemoctaTouyHocTb. [lo omnpenede-
HUI0 AMEPUKAHCKOTO KOJIIE/XKA KapAMOJI0Tuu 1 AMe-
pukanckoii accormanus cepana (ACC/AHA) CH —
3TO CJOXKHBIH KJIWMHUYECKUH CUHIPOM, KOTOPbBIN
SIBJISIETCST PE3YJIBTATOM JII0OOT0 CTPYKTYPHOTO WU
(byHKIIMOHATILHOTO HAPYIICHUS 3AMOJHEHUS JKeJTy-
JIOYKOB Cep/illa KPOBbIO MJIM M3THAHUS ITOCJE/IHEH
[42]. B koneunom utore CH 3aTparnBaer Bce opranbl
u cuctemsl. [Ipu CH crpykryphbie u/wmm ¢hyHKINO-
HaJIbHbIC HAPYIIEHUS MOTYT Pe3yJbTUPOBATLCA HE
TOJIBKO B YMEHBIIIEHUN CEPJEYHOrO BHIOPOCA, HO U B
MOBBIIIIEHNN BHYTPUCEP/IEYHOTO JaBJeHUI B MIOKOE
WK 1Ipu Hapryske [43]. Y 60bHbIX, KOTOPBIM BBIIIOJI-
HAIOT HeKapAHaJIbHblEe Ollepallid BO3MOXKHBI Kak
XCH, rak un BuoBb Bozuukmiasgs OCH [13, 21, 24].

Pamnpocrpanennocts XCH, ocoberHo cpeu iniy
cTapiieil BO3paCTHOM I'PYIIIBI, BbICOKA. B pa3BUTbHIX
crpanax XCH crpanator 1-2% Hacenenus, a 'y JIuil
crapire 70 jieT pacnpocTpaHEHHOCTh 3a00JIeBaHUS
npesbimaer 10% [42, 43]. B CILA exxeronuo auarto-

outout lessening, but in increased intracardiac pres-
sure at rest or on exertion [43]. Patients subjected to
noncardiac surgeries might develop both CHF and de
novo AHF [13, 21, 24].

CHF prevalence, particularly among the elderly
population, is high. In the developed countries, B passu-
thix crpanax CHF crpazator 1-2% of the population suf-
fer from CHF while in the population older than 70 years
of age, the prevalence of this disease exceeds 10% [42, 43].
In the USA, more than 650,000 new cases of CHF are di-
agnosed every year [42]. Among people older than 65
years of age who have exertional dyspnea, at least one of
six suffers from non-diagnosed CHF [44]. Correspond-
ingly, many surgical patients have this concomitant dis-
ease. It is pointed out that CHF patients are up to 10% of
the total number of in-patient subjects [21]. As exempli-
fied by one of the USA states, it has been shown that 4631
hospitalizations for noncardiac reasons fall on 2762 CHF
patients within 2 years [45]. In patients older than 65
years of age, CHF increases the risk of hospital mortality
during noncardiac operations in 3.3 times versus the con-
trol group and in 2.6 times versus IHD patients [46].

CHF is a polyetiological disease; however, at
least in 70% of cases observed it complicates IHD
and/or hypertensive disease; other reasons include
cardiomyopathies (up to 10% of cases observed), heart
defects, myocardites, arrhythmias, some endocrine
diseases, alcoholism, amyloidosis, sarcoidosis, etc. [43,
44]. Sepsis and anemia can also play a certain
etiopathological role in HF development. The basic
etiopathological factors of CHF (and AHF, too) are
usually combined into three main groups: myocardial
disease or injury, preload and afterload disorders, heart
rhythm disorders [43].

According to the ACC/AHA classification [44],
there are 4 clinical stages of CHF:

A — patients with a high risk of the disease with-
out structural changes in the heart or symptoms;

B — structural changes in the heart without clin-
ical manifestations;

C — structural changes in the heart with primary
or persistent symptoms;

D — refractory CHF that requires special inva-
sive treatment techniques.

Based on the prominence of clinical implications
of CHF and exercise tolerance, 4 functional classes
(FC) are identified according to the classification of
the New York Heart Association (NYHA):

I — there is no limitation of exercise, usual exer-
cise does not cause CHF symptoms;

II — moderate limitation of physical activity,
usual physical activity causes CHF symptoms;

III — prominent limitation of physical activity;
confortable condition at rest, but a minimal exercise
couses clinical manifestations of CHF;

IV — impossibility to do a minimal exercise or
CHF at rest.

It is principal importance that the classification
of CHF stages according to ACC/AHA and the
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crupyior 6osee 650 000 HOBBIX ciIyuaeB 3a00JIeBaAHIIL
XCH [42]. Cpenn srozeit crapiiie 65 JieT ¢ OIBIIIKOM
pu (pusnyeckoii HarpysKe, 10 KpaiitHe Mepe, OINH U3
mectTu uMmeeT Hexuarnoctuposanunyio XCH [44].
CooTBeCTBEHHO, MHOTHE XUPYPTUYECKUe TTaIlMeHThI
UMEIOT 3TO COMYTCTBYIONee 3abojeBaHne. YKas3bl-
BatoT, yro maimenTsl ¢ XCH cocrasisaior no 10%
00IIel YNCTIEHHOCTH JINT], HAXOSIIIIXCSI B CTAI[OHA-
pax [21]. Ha mpumepe oxnoro us mratos CIIIA noka-
3aHo, uTo Ha 2762 Goabubix X CH 3a 2 roga mpuxoauT-
ca 4631 rocnuranuzaius M0 HeKapAuaJbHBIM
npuduHaM [45]. Y 6oabnbix crapiue 65 et XCH yse-
JIUYUBAET PUCK TOCHUTAJIBHON JIETAJbHOCTH IIPU
HEeKapIMAJIbHBIX Ollepalusx B 3,3 pa3a 110 CpaBHEHUIO
€ KOHTPOJIbHOM IPYIIION 1 B 2,6 pa3a 110 CpaBHEHUIO C
6ombabiMu BC [46].

XCH siBJsieTcst moJMaTUOJOTHYHBIM 32a6071€Ba-
HUEM, O/[HAKO He MeHee, 4eM B 70% HabJio/ieHnii oHa
ocnoxuger MBC u/uiu ruiepronndeckyio 60Je3Hb;
Cpe/ii OCTaIbHBIX TpUYKH Kaparomuonaruu (o 10%
HaOJIO/IeH TN ), TIOPOKU Cep/IIa, MUOKAPANUTHI, aPUT-
MU, HEKOTOPBIE HIOKPUHHbBIE 32a00JI€BAHUS, AJIKOTO-
JIU3M, aMUJIOUJI03, cCapKou103 U 1. [43, 44]. Onpene-
JIEHHYIO 3THOTIATOTeHTHYECKYIO POJb B pazsuTnu CH
MOTYT UTpaTh cericuc 1 aneMust. OCHOBHBIE 9THOTIATO-
renernyeckue axropbl XCH (a raxxxe u OCH) nipu-
HATO 0OBEIMHATH B TPH OCHOBHBIE IPYTIbL: 3260JeBa-
HUE WM TIOBPEXACHUE MHOKap/a, HapylIeHUs
Ipe/IHarpy3Ky U TIOCTHATPY3KU, HAPYIIEHUS cepiey-
HOTO puTMa [43].

B cootBecTBUM € aMepUKaHCKOH Kiaccudukariy-
eit ACC/AHA [44] BbliesiII0T 4 KTUHUYECKUE CTa/ [N
XCH:

A — 6oJibHBIE ¢ BBICOKUM PUCKOM 3a60JI€BaHUS
6e3 CTPYKTYPHBIX U3MEHEHWIT B CEpIle U CUMITTOMOB;

B — crpykrypHble n3MeHeHus B cepiie 6e3 K-
HUYECKUX TTPOSIBJICHUT;

C — cTpyKTypHbIE U3MEHEHNUS B cepiille ¢ mep-
BUYHBIMU UJIM TOCTOSTHHBIMU CUMIITOMAMMU;

D — pedpakrepuas XCH, tpebyiomas crenu-
AJTbHBIX MHBA3UBHDIX METO/IOB JICUCHUSI.

Ha ocHoBaHUM BBIPaKEHHOCTH KJIMHUYECKUX
nposisnenuit XCH u nmepenocumocTtn usmieckoit
HArpy3Ky BBIJETSAIOT 4 (DYHKIMOHATBHBIX KJacca
(®K) no OyukimonanbHoi kiraccuduraimum Hpio-
ﬁopKCKoﬁ accormaruu cepana (NYHA):

I — Her orpannyenuss GuU3NYeCKON HATPY3KH,
00bIUHON (hu3nUecKasi Harpys3Ka He BBI3bIBAET CHUMII-
TomoB XCH;

IT — ymepennoe orpanuvyenHve QGuandecKoi
AKTUBHOCTU, OObIYHAsT (U3NYECKAsT HATPY3KA BbI3bI-
Baer cumnrombl XCH;

I1T — BbIpaxkeHHOE orpaHnyeHue GU3NIECKON
AKTUBHOCTH; KOM(MOPTHOE COCTOSIHHE B IIOKOE, HO
MUHUMaJbHas (husndeckast Harpy3Ka BbI3bIBACT KJIH-
Huueckwue npossienust XCH;

IV — HeBO3MOKHOCTD BBIOJIHATH MUHUMAJIb-
Hy10 husndeckyto Harpy3ky mian cumnrombl XCH B
MIOKOE.

NYHA Functional Classification are not fully parallel
[42], as it is often erroneously stated [21]. It is quite
obvious that the condition of a patient with structural
changes in the heart and manifested clinical symptoms
of CHF (stage C according to ACC/AHA) might cor-
respond to different NYHA FC depending on treat-
ment efficacy (table 1).

In the domestic clinical practice, the well-known
classification of CHF according to I.D. Strazhesko and
V.H. Vasilenko (1935) is still used, which combines
clinical symptoms and pathophysiological changes in
the blood circulation system, that is why stages ac-
cording to this classification cannot be unambiguously
equaled to NYHA FC.

When there are clinical symptoms, depending on
the LV ejection fraction (EF), a distinction is tradi-
tionally made between CHF with reduced (<40%)
and normal (>50%) LVEF [21, 42]. At present, CHF
with moderately decreased (40-49%) LVEF is singled
out [43]. These variants of CHF differ not only by
LVEF value, but by prevailing disorder of the
processes of systolic contraction and diastolic compli-
ance of the heart, too [21]. During CHF with reduced
LVEEF, the systolic function is predominantly dis-
turbed while during CHF with normal LVEF — the
diastolic one. During CHF with a moderately de-
creased LVEF, it is the diastolic function that is mostly
disturbed though the initial signs of systolic dysfunc-
tion have already manifested [43]. Diastolic dysfunc-
tion is characterized by increased (on exertion or at
rest) end-diastolic pressure in LV while LVEF remains
at a level close to normal.

Patients with decreased LVEF belong, undoubt-
edly, to the higher operation risk group, especially
when their LVEF is <30% [47, 48]. For an anesthesi-
ologist/rehanimatologist, it is important that the sys-
tolic and diastolic heart functions are closely
interrelated. Diastolic CHF might be not diagnosed
prior to a surgical intervention, at the same time, there
is arisk of its decompensation during the perioperative
period, in particular, as a result of hypervolemia [21].

The etiological factors of AHF might be [43]:

* acute coronary syndrome;

 tachyarrhythmias (including atrial fibrilla-
tion, venticular tachycardia);

* severe arterial hypertension;

* contagious diseases (pneumonia, infective en-
docarditis, sepsis);

« failure to observe the recommended intake of
water, salt, and /or medicines;

 bradyarrhythmia;

* toxic substances (alcohol, soft drugs);

* medicines (including non-steroidal anti-in-
flammatory drugs, corticosteroids, medicines featur-
ing mnegative inotropic  effect, cardiotoxic
chemotherapeutic drugs);

 exacerbation of a chronic obstructive lung
disease;

 pulmonary artery embolia;
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Ta6auua 1. Coornomenue craguit XCH no ACC/AHA u @K NYHA [42].
Table 1. Correlation of CHF stages according to ACC/AHA and NYHA FC [42].

CHF Stages according to ACC/AHA NYHA FC
A =
B I
C I
11
111
1Y
D 1Y

IIpumeuanue. CHF Stages according to ACC/AHA — craguun XCH no ACC/AHA; NYHA FC — @K NYHA.

[TpuHIMNIIATBHO BAXKHO, YTO MEK/TY KIIacCU(HKa-
et craguii XCH o ACC/AHA u DyHKITMOHATIBHOM
kiraccucurarmeit NYHA Het mosHOoro napasrenmnama
[42], kax yacTo o1rbouHO yKasbiBaioT [21]. Briose ove-
BHUJIHO, YTO COCTOSTHUE GOJNBHOTO CO CTPYKTYPHBIMU
U3MEHEHUSIMU B CEPJILE U IPOSIBUBLIMMUCS KIUHUYE-
ckumuM cumnromamu XCH (cragusa C o ACC/AHA)
MozkeT cooTBeTcTBOBaTh pasibiM MK NYHA B 3aBucu-
MocTu oT adexTuBHOCTH JTedernst (tabur. 1).

B orevyecTBeHHOI KIMHUYECKOI IIPAKTUKE TIPO-
JOJDKAIOT MCII0JIB30BATh U3BECTHYIO KIACCU(DUKALIUIO
XCH 1o 1. [I. Crpaxkecko u B. X. Bacusenko (1935),
06BeIMHSIONYI0 B cebe KINHMYECKUE CUMITOMBI 1
naTohU3N0IOTHIECKIe U3MEHEHUST B CCTEME KPOBO-
obpalieHus, ToaTOMY CTaJIUU TI0 HTO Kaaccupuka-
WU HeJTb3s1 oiHo3HauHO mprpaBHuBaTh K DK NYHA.

[Tpu HATMYWY KITMHUIECKUX CUMIITOMOB B 3aBH-
cUMOCTH OT Besmuunbl (pakiuu usraanus (D)
JIK Tpapuimonno passimuaior XCH co cHmkennoi
(<40%) n nopmamproit (>50%) OUJIIK |21, 42]. B
Hacrosiiiee Bpems ctanu Boiiessith XCH ¢ ymepenHo
cakernoit (40-49%) OUJIK [43]. DTu BapuanTsl
XCH orymmuatores He Toabko Beanynnoilt OIUJIK, no
U TPEUMYIIeCTBEHHBIM HapyIIeHNeM IIPOIIECCOB
CUCTOJIMYECKOTO COKPAIIEHUS U [UACTOJINYECKOTO
paccaabaenus cepaua [21]. TIpu XCH co cHukeHHOM
DOUJIK npeumyiiecTBEHHO HapyIIeHa CUCTOJIHYe-
ckas pynknwms, ipu XCH ¢ nopmasnbroin @UJIK —
nuacrosmueckas. [Ipu XCH ¢ ymepeHHO CHMKeHHOM
DOUJIJK B ocHOBHOM HapylleHa [HACTOJUYECKAS
yHKIHS, XOTS yoKe MaHU(PEeCTUPOBAINCH HAYAIbHbBIE
NpuU3HaKu cuctoandeckoil auchyuriuum [43]. s
JIUACTOIMYECKOI AMCHYHKIUU XaPAKTEPHO MOBBI-
neHHoe (MpU HArpy3Ke WK B TOKOE) KOHEYHO-/[1a-
crosmmueckoe gasienue B JIJK, a @UJIJK ocraercsa Ha
YPOBHE, OJIM3KOM K HOPMATLHOMY.

Boubnble co cumkxennoit @UJIK, necomuenuo,
OTHOCSTCS K TPYIIIE TIOBBIIIEHHOTO ONEPAIMOHHOTO
pucka, ocobernno mpu snavenussx OUJIIK<30% [47,
48]. [lns anecre3nosiora-peaHnMarosora BaKHO, YTO
CUCTOJINYeCKas U UacTosimdeckast GYHKIUS cepa
TecHO B3auMocBs3anbl. Juacronndeckasd XCH moxer
He TUaTHOCTHPOBATHCS MePe]l OIePATUBHBIM BMellia-
TEJIbCTBOM, BMECTE C T€M, CYIIIECTBYET PUCK €€ IEKOM-
HEeHCAlUN B IIEPUOIEPAIMOHHBII TIepUO], B YACTHO-
CTH, B pe3yJbrate runepBosemun [21].

Idtuonornyeckumu Gpakropamu OCH wmoryT
ObiTh [43]:

* surgical intervention and perioperative com-
plications;

¢ increased sympathetic tone, stress cardiomy-
opathy;

« metabolic/hormonal disorders (including
thyroid dysfunction, diabetic ketocidosis, adrenal dys-
function, pregnancy and periparturient disorders);

« cerebral apoplexy;

* ‘mechanic’ injuries: acute myocardial injuries
aggravating acute corotary syndrome (free wall rup-
ture, ventricular septal defect, acute mitral regurgita-
tion), chest trauma or heart cavity catherization, acute
dysfunction of a native or artificial valve of the heart
due to endocarditis, dissections of aorta or thrombosis.

During the perioperative perion, the etiopatho-
genesis of CHF decompensation or de novo AHF tend
to be multifactorial. In this clinical situation, the rea-
sons for cardiac function decompensation might be
NOMD, hypervolemia, activation of renin-an-
giotensin-aldosterone and sympathoadrenal system,
hypercortisolemia, metabolic and electrolyte disor-
ders, also reduced activity of elective oral drug ther-
apy providing blood circulation compensation [13, 21,
49, 50]. To prevent worsening of a cardiovascular dis-
ease and reduce the risk of perioperative cardiac com-
plications, mandatory continuation of the
preoperative drug therapy during the postoperative
period is recommended [21].

The most probable periods for development of
AHF (or CHF decompensation) are:

1) direct operative and early postoperative pe-
riod when the main etiopathogenetic factors are a pro-
longed operative intervention, myocardial ischemia
and active infusions leading to hypervolemia;

2) postoperative day 3—4 when reabsorption of
liquid from the third space might become the main
reason of hypervolemia [13, 21, 49].

Assessment of the Kisk of Cardiac
Complications in noncardiac surgery

General. A detailed step-by-step algorithm of
the assessment of cardiac complication risk in surgical
patients is given in Russian and foreign recommenda-
tions [12, 13, 21, 24, 26]; therefore, we will turn our
attention to the main aspects of the issue only.

The risk of cardiac complications depends on the
operative intervention characteristics (type, urgency,
expected duration), peculiarity of the condition of a
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* OCTPBII KOPOHAPHBIN CUHIPOM;

e TaxuapuT™Muu (B TOM 4ncie, GubpUIIAIIsa
IIpe/ICepnii, JKeTyI0uKoBask TaXUKapAns);

*  TsKesad apTepuasbHas TUIIePTEeH3NS;

* uHbeKIMoHHbIe 3a00JeBaHUsT (ITHEBMOHUS,
MH(EKIMOHHDIN dHJOKAPNT, CEIICUC);

* He cobuojieHne PEKOMEHI0BAHHOTO PEKUMA
noTpebIeHrst BOJBI, COJIM ¥/WJIN JIEKAPCTBEHHDIX
CPE/ICTB;

* GpaguapTUMum;

* TOKCHYECKHE BellecTBa (QJIKOT0JIb, <JIeTKUe»
HAapKOTUKN);

* JIEKapCTBEHHbBIE CPEICTBA (B TOM YHCJIE, HECTe-
POUJIHbIE TPOTUBOBCIAJIUTEbHBIE CPEJCTBA, KOPTUKO-
CTEPOU/IBI, IIPENIAPATHI C OTPUIATEIbHBIM HHOTPOITHBIM
adderToM, KapIMOTOKCUYECKUE XUMUOTEparieBTHYe-
CKUe ITperapaThbl );

e ob6ocTpeHue XPOHUYECKON 0OCTPYKTUBHON
GOJIE3HU JIETKUX;

* 9aMOBOJIMs IETOYHOIT apTepuy;

* XUPYpPruyeckoe BMelaTeJbCTBO U IIepuoIie-
paIMOHHBIE OCTIOKHCHMS;

* TIOBBIIIIEHHBIN CUMITATUYECKUH TOHYC, CTpec-
COpHasi KapInOMHUOIIATHS;

* MeTaboJIMYecKue,/ TOPMOHATIBHBIE PACCTPOiA-
crBa (B TOM YHCIIe, THPEOUIHASA AUChYHKIMS, 1nade-
TUYECKUH KeTOAIUI03, HAATIOUeYHUKOBAs T1ChYHK-
11st, GEPEMEHHOCTH ¥ OKOJIOPOIOBBIE PACCTPOICTRA);

* MO3rOBOI MHCYJIBT;

*  «MeXaHM4YecKue» IMOBPEKICHUS: OCTpbIe
MOBPEKJICHNUS MHUOKAP/a, OCJOKHSIONIME OCTPBIi
KOPOHAPHBIH cuHAPOM (paspbiB CBOOOIHON CTEHKH,
nedeKT MEeXKKeTy/JOYKOBOH TIePEeropojiKi, OCTpas
MUTpPAJIbHAS PETyPruTalusg ), TpaBMa IpyHON KJIeTKU
WJIN KaTeTepusalus MoJocTell cepila, ocTpast Juc-
(byHKIIMS HATUBHOTO MJIM UCKYCCTBEHHOTO KJlallaHa
cep/ilia BCIeICTBUE dHAOKAPANTA, AUCCEKITUU A0PTHI
ni TpoMb03a.

B nepuonepalimoHHbIN TI€PHOZ 3THOMATOTCHES
nexomrencannn XCH wnian Baosb Bosnukmein OCH
yaiiie Bcero MHOroakTopHbIil. [Ipuynnamu 1exkomren-
calluM Cep/IeYHOM JeaTebHOCTA B 9TOM KIMHUYECK
curyarmu MoryT 6brtb MITHO, runepsosiemutst, akTuBa-
1S PEHUH-aHTUOTEH3NH-AJIbJI0CTEPOHOBOI M CUMITATO-
A/[PEHATIOBON CHUCTEMDbI, THIIEPKOPTH30JIeMUsT, MeTabo-
JIMYECKUE W 3JICKTPOJIMTHBIC HApyIICHUS, a Taxke
CHIKEHME AKTUBHOCTM  IIAHOBOWM — NEPOPAJIbHOM
JIEKAPCTBEHHOM Tepariu, 00ecIieyrBaBIIell KOMITEH -
110 kposoobGpamntenus [13, 21, 49, 50]. 1 npemynpesk-
JIEHVSI IPOTPECCUPOBAHUS CEPAEYHO-COCYUCTOrO 3260~
JICBaHUSI M CHVDKEHUS PUCKA TIepUOIEPAIIMOHHBIX
KapIMaJIbHBIX OCJIOKHEHUI PEKOMEH/YIOT 00s13aTeb-
HOe IPOJIOJIKEHE TIPe/IoTiepaliiOHHON JIEeKapCTBEHHOM
TEPAIM B TIOCJI€0TIEPAITMOHHBII TIeproj [21].

Haubosiee BepOSITHBIMU MEPUOJAMU PA3BUTHS
OCH (wmm nexomnencaiiuu X CH) sastrorest:

1) Hemocpe/CTBeHHBIH ONEPAIIMOHHBIN U PAHHUIA
MOCJICOTIEPAIIMOHHBII TIEPUOJT, KOT/IA OCHOBHBIMU 3THO-
MaTOreHeTUYeCKUMHU (haKTOpaMU SIBJISIIOTCS JJIUTEIb-

particular patient (age, concomitant cardiovascular dis-
eases and specific risk factors), specific features of peri-
operative management including pharmacotherapy and
specifics of the anesthetic-resuscitation support.

Indications for abandonment of an elective op-
erative intervention and targeted treatment occur
when severe cardiovascular disorders are diagnosed in
a patient (table 2) [24, 26, 51]. In this instance, it is
recommended to evaluate angina severity in IHD pa-
tients according to the classification of the Canadian
Cardiovascular Society (CCS), which distinguishes
five FC:

FC 0 — asymptomatic course of the disease;

FC I — angina only during a rigorous or pro-
longed exercise;

FC II — minor symptoms only during active ex-
ercise;

FC III — angina pain or equivalent — dyspnea
during everyday activity;

FC IV —angina during a minor stress or at rest.

Earlier, only vascular operations (operations on
the aorta, large and peripheral arteries) were regarded
as operative interventions of high cardiac risk (the
summary occurrence of cardiac death and non-fatal
MI within 30 perioperative days exceeds 5%), with
the exception of carotid endarterectomy [13, 26]. It
used to be stressed that endoscopic operative inter-
ventions, for example, laparoscopic, have the same car-
diac risk as laparotomic [13]. The risk of different
endoscopic operative interventions should be obvi-
ously assessed based on their type and scope. Besides,
different types of operative interventions performed
in different hospitals of different countries might prob-
ably have a different cardiac risk. This is true, for ex-
ample, of thoracic operations which some sources
classify as operations of average risk and other - as
high [13, 26, 52]. Without delving into discussion on
this intricate problem, we will note that continuous
review of opinion concerning the cardiac risk of oper-
ative interventions has been reflected in the recom-
mendations of the RF Federation of Anesthesiologists
and Reanimatologists [53] and in the amendments
published in 2017 and partial revision of the European
recommendations [54] (table 3). It can be assumed
that this version of POCC risk assessment is currently
the most relevant.

According to contemporary thinking, during
general surgical and vascular operative interventions,
the POCC risk factors are [18]: age >65 years, pa-
tient’s physical status according to ASA >3, operation
urgency, preoperative CHEF, chronic obstructive lung
disease, acute renal failure or use of hemodialysis, cre-
atinine >120 mg/1, hematocrit <34%, operation dura-
tion >240 min.

Previous focused studies identified a number of
additional predictors of POCC [50]: MI in past med-
ical history, verified IHD, heart rhythm disorders in
past medical history, intermittent lameness, diabetes
mellitus requiring threatment, preoperative use of ni-
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HOE OIlePaTUBHOE BMENIATETbCTBO, UIIIEMUST MUOKAP/Ia
U aKTUBHbIe HHDY3UU, TPUBOJISIINE K THIIEPBOJIEMUN;
2) 3—4-e iocse0IIepPAIMOHHBIE CYTKH, KOT7IA OCHOB-
HOU MIPUYMHOI TUTIEPBOJIEMUY MOJKET CTaTh peabcopOItust
JKUJIKOCTH U3 TPeThero rpoctpanctsa [13, 21, 49].

Ouenka pucka KapJuajibHbIX OCJIO0KHEeHHit
B HEKapIMaJbHOU XUPYPTrUU

Oo6uue nosnoskenus. [TogpoOHBII MOIATOBbIN
AJITOPUTM OIIEHKU PUCKA KapIUATbHbLIX OCTOKHEHUH y
XUPYPrUUeCKUX OONBHBIX MPEICTABJIEH B POCCHIICKUX
u 3apyOexHBIX pekoMenganusx [12, 13, 21, 24, 26],
MOTOMY OCTAHOBMMCS JIMIITb HA OCHOBHBIX aCIEKTaxX
po6JieMbl. PUCK KapAWAlbHBIX OCTOKHEHUN 3aBUCUT
OT XapaKTepUCTUK ONEPATUBHOTO BMENIaTeIbCTBA (B,
CPOYHOCTb, OKU/IAEMAST JITTUTEBHOCTD ), 0COOEHHOCTEN
COCTOSTHHSI KOHKPETHOTO GOJIBHOTO (BO3PACT, HAJIMUIE
COTYTCTBYIONUX CEPAEYHO-COCYUCTHIX 3a00JIeBaAHMUIT
u creruduieckux (HakTopoB pUcKa), 0coOeHHOCTEH
HEePUOTIEPATTHOHHON JiedeOHOW TAKTHKMY, BKITIoUast hap-
MaKOTEPAIHUIO ¥ 0COOCHHOCTH AHECTE3NOJIOTO-PEHAHH-
MaTOJIOTHYECKOTO 00ECTICUCHUS.

[Tokazanug K OTMEHe TIIIaHOBOTO OIIEPATHBHOTO
BMEIIATEIbCTBA U 1eJIeHATIPABICHHOMY JICUCHHTO BO3-
HUKAIOT, KOT/Ia y TAI[MeHTa AMarHOCTUPYIOT TSKeJIble
cepieuHO-cocyIrcThie Hapymenus (Tab. 2) [24, 26,
51]. TIpu 9TOM BBIPAsKEHHOCTH CTEHOKAPAUK Y HOJIb-
Hpix UBC pekoMeHy1oT olleHrBaTh 110 Kiaccuduka-
mun Kamagckoro obmecrsa kapauoaoros (CCS),
Boiesstionieit st OK:

DK 0 — 6eccumnToMHOe TeueHue 3a60JeBaHNS;

OK I — crenokapust TOJTBKO BO BPEMsI HATIPSI-
JKEHHOU WJTH JITUTETbHOM (PU3NIeCcKoil aKTUBHOCTH;

OK I1 — He3naunTeIbHBIE CHMIITOMBI TOJIBKO BO
BpeMs aKTUBHOU (PU3NUYECKOI J1eITeIbHOCTH;

OK IIT — creHokapauTruyeckue OO I SKBH-
BAJICHT — OJIBITIIKA TIPU TOBCEITHEBHOM /1eATETbHOCTH;

DK IV — crenokapaus npu Majieiiinein Harpys-
Ke UJIH B TIOKOE.

Panee k orrepaTuBHBIM BMEIIATEIBCTBAM BBICOKTO
Kap/InaJbHOTO PUCKA (CyMMapHas 4acToTa cep/levuHoi
cmeptu u Hedaranbubix IM B Teuenue 30 cyTok
MOCJIEOTIEPAITIOHHOTO TIeproia 6osee 5%) OTHOCHIIN
TOJIBKO COCY/JIMCTBIE orepaluu (orepary Ha aopTe,
KPYIHBIX 1 IepUKPUYECKIX apTEPUX ), 32 UCKITIOYe-
HUEM KapoTuiHol suiaprepakromuu [ 13, 26]. [Ipuyem
MOTYEPKUBAJIOCE, YTO IHAOCKOITMYECKUE OllepaTUBHbIE
BMENIATEIbCTBA, HAIPUMEDP  JIAIAPOCKOIIMYECKNUE,
MMEIOT TaKOM ke KapInaJIbHbIM PUCK, KAK 1 JIATAPOTO-
muyeckue [13]. OueBuHO, PUCK PA3IUIHBIX JHIOCKO-
MUYECKUX ONePAaTUBHBIX BMEIIATEIbCTB CIEIYET Olle-
HUBaTh, UCXO/A U3 WX BUa 1 oObema. Kpome Toro,
BEPOSITHO, YTO Pa3/IMYHbIC BUJIbI ONIEPATUBHBIX BMeIIa-
TEJIbCTB, BBIMOJHAEMbBIC B PA3JMYHBIX CTAllMOHAPax
PA3JIUYHBIX CTPAH MOTYT UMETh OTJINYAIONINICS Kap-
JIVATBHBIN PUCK. JTO OTHOCUTCH, HAIIpUMEP K Topa-
KaJIbHBIM OTIePaIlMsIM, KOTOPbIE OTHU UICTOYHUKH OTHO-
CAT OTHOCST K OIEPalligM CPe/IHEr0 PUCKa, a IpyTrHe

trates or digoxin, detection of myocardial ischemia
during the perioperative period, general anesthesia
based on narcotic analgesics. The authors drew a dis-
tinction of risk factors between coronarogenic compli-
cations and HF [55]. The first group of complications
was predisposed by: lameness, drastic limitation of ex-
ercise, hypercreatininemia (>200 mg/1) and signs of
myocardial ischemia during Holter monitoring after
operation. The predictors of CH development were:
heart rhythm disorders in past medical history, dia-
betes mellitus requiring threatment, prolonged anes-
thesia and operation, vascular surgery, general
anesthesia based on narcotic analgesics or isoflurane
combined with narcotic analgesics.

It should be noted that thanks to cardiology
progress and high treatment and diagnostic level of
medicine achieved over recent years, POCC predictors
change, their list becomes shorter [51, 55]. According
to Orion research (Italy), the main predictors of
POCC are: high-risk operative intervention (based on
the scale of risk of cardiac complications of noncardiac
operations), severe renal failure, CHF, and age [55].

Evaluation of preoperative functional reserves.
Functional reserves of the body (the level of physical
activity) can be determined during stress tests (bicy-
cle exercises, treadmill test) or approximately using a
computational method [56]. As a conventional unit of
physical activity, 1 metabolic equivalent (MET) has
been adopted, which corresponds to oxygen uptake at
a rate of 3.5 ml/kg/min (oxygen uptake at rest in a
man of 40 years of age with a body weight equal to 70
kg). In interviewing a patient, it is possible to evaluate
his functional status approximately by assessing his
everyday activity using targeted questions [13, 24, 26,
53] (table 4). Answers to the said simple questions
allow determining whether the patient performs exer-
cise <4 MET or >4 MET. When the functional capa-
bility exceeds 4 MET, no further examination is
required. When it is impossible to perform exercise of
more than 4 MET, the risk of POCC is high.

Indices of the risk of complications. Along with
the qualitative determination of the POCC risk, a
quantitative estimate of the latter is expedient (in per-
cent and /or conventional points). The first quantita-
tive index of POCC risk assessment was developed by
Goldman L. et al. [57]. This index is referred to as the
‘original cardiac risk index’ (CRI) or ‘Goldman index’
[49]. The calculation should take into account not
only the data of past medical history and physical ex-
amination, but some laboratory test values, calculation
of ectopic beat of heart, etc. The maximal score migh
amount to 55 points. It is possible to calculate the
index automatically with the help of calculator posted
in Internet: https://reference.medscape.com/calcula-
tor/cardiac-risk-noncardiac-surgery-goldman

Later, Detsky A. S. et al. [58, 59] pointed out the
insufficient predicting accuracy of the original CRI
and suggested its modification — a further detailed
‘modified CRI’ or ‘Detsky index’, which maximal
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TaGuna 2. Cepieuno-cocyiucTbie HapyLIeHuUs!, TPeOYIoIMe OTMEHbI IUIAHOBOI ONepalii, HEME/[JIEHHOTO IieJIEHATPaB-

JIEHHOTO 00ceioBanus u Jeyenus [24, 26, 51].

Table 2. Cardiovascular disorders necessitating cancellation of an elective operation and immediate targeted exami-

nation and treatment [24, 26, 51].

IMarosnorus IIpumepbr Pathology Examples
HecrabuibHbre OcTpblit KOPOHAPHBIIT CHHIPOM Unstable Acute coronary syndrome
KOpOHapHbIE WM pasroctoio Meree 30 cyTok coronary MI less than 30 days ago
COCTOSTHMUS HecrabuibHast creHOKapust condition Unstable angina
CrabunbHas crenokapaus [1T-TV OK Stable angina & FC ITI-1V according CCS
o kiaaccuduraimun CCS
Tsrenas XCH [lexommnencupoannas XCH (I11-1V ®K Severe CHF Decompensated CHF (FC ITI-1V according
o kiraccndukain NYHA), to NYHA), progressing or first diagnosed CHF
[POTPECCUPYOIAsT
1 BriepBbie auarnoctuposanias XCH
BoipakenHbie A-B 6a0kaza 2 crenenn tuma Mobur 2 Marked Mobitz type 2 second-degree antrioventricular
Hapyuienus putma  A-B 60kaza 2 crerenn disorders block
u nposoanmoct  AB-Gsokana 3 crenenu of cardiac Second-degree antrioventricular block
cep/a CHUMITTOMHAST JKEJTYI09KOBasT apUTMUST rhythm Third-degree antrioventricular block
Bruiepsble BbIsBICHHAs yCTONUMBasT and conduction Symptomatic ventricular arrythmia
JKEJTYIOUKOBas TaXUKaPsI, De novo steady ventricular tachycardia,
CynpaBeHTPUKYJISIPHAST APUTMHUST Supraventricular arrythmia with uncontrolled
€ HEKOHTPOJIUPYEMOH 4acTOTO ventricular rhythm rate (more than 100 bpm
JKeJTy104KoBoro putMma (6osee 100 at rest)
B MUHYTY B [IOKOE) Symptomatic sinus bradycardia,
CumrroMHast cuiycoBas OpajnKapaus, asystole episodes > 3 s, atrial fibrillation
DIMMB0/IbI ACUCTOJINH > 3 ¢, HUOPUILISATIHS (bradysystome)
npezcepanii (6pagncucTomst)
Tssxenbie Tsxesplil aopTaibHBI CTEHO3 Severe Severe aortic stenosis (mean gradient on aortic
KJTarTaHibIe (cpenHuii rpaiiedT Ha A0PTAJIBHOM KJIaraHe valve valve >40 mm Hg; aortic valve opening area
HOPOKH >40 MM PT.CT.; TLTOIIA/Ib OTBEPCTHS defects <1 cm? or pronounced clinical pattern)

aopTasibHOro Kianana <1 cm2

WV BBIPAKEHHAS KIMHIYeCKast KapTrHa)
CHUNTOMHBII MUTPAJIBHBIN CTEHO3
(cumnrompr XCH, miporpeccupyioniast
OJIBITITIKA TIPU HATPYy3Ke, TIPeCHHKONAIbHbIE
COCTOSTHMA TIPU Harpy3Ke)

Symptomatic mitral stenosis (CHF symptoms,
progressing stress dyspnea, presyncopal
conditions on exertion)

UCTOYHUKM — BbICOKOTO |13, 26, 52]. He yruy6asisich B
JCKYCCHIO 110 9TOH CJIOKHOI IIPobJieMe, OTMETHM,
TTOCTOSTHHBIN TIEPECMOTP B3TJISZOB Ha KapAWATbHbBIN
PHCK OIIePAaTUBHBIX BMEIIATEIbCTB HAIIE CBOE OTPa-
skenne B pekomenzarax Degepariiy aHecTe310I0r0B
u pearnumarosioros PM [53] u B ony6IMKOBAaHHBIX B
2017 . 1OTIOJIHEHUSAX U YACTUYHOM [IEPECMOTPE €BPO-
neiickux pexomenganuii [54] (tab. 3). MoxkHO 1oJa-
raTh, 4TO 3TOT BapuanT orienkn pucka [TOKO sBisercs
B HACTOSIIIIEE BPEMsI HAUOOJIee aKTyalbHbIM,

ITo coBpeMeHHBIM TIPEICTABIECHISIM TTPH 001IIe-
XUPYPrUveCKUX U COCYAUCTBIX OIl€PaTUBHBIX BMELIA~
tesibeTBax pakropamu pucka [TOKO asistiores [18]:
BO3pacT >65 yeT, PU3NIECKNT CTaTyC MamueHTa mo
kiraccuduranuu ASA >3, 9KCTPEHHOCTDb ONepaly,
npezonepaimontags XCH, xpoHuueckast 00CTPyKTHB-
Hast 60JIE3HD JIETKUX, OCTPast MoYevHast HeJ0CTaTOu-
HOCTb WJIM KCII0JIb30BAHUE TeMOIUANN3A, YPOBEHD
kpearununa >120 mr /i1, rematokpuT <34%, 1JIUTEb-
HOCTb oneparu >240 MuH.

B pannux 1eseHanpaBiIeHHbIX UCCIETOBAHMSX
BBIABJIAJIN  PAA  AOIMOJHUTEJIbHBIX TIPEJUKTOPOB
ITOKO [50]: UM B anamuese, BepubuIImpOBaHHAS
NBC, napyienust putMa cep/iia B aHaMHe3e, Tiepeme-
JKAMOMIAsICsl XPOMOTa, caxapHbiii auaber, TpedyIuii
JIedeH s, TIPeIOTIEPAIMOHHOE TPUMEHEHIIe HUTPATOB
NN AUTOKCHHA, BBIABJIEHUE HUINEMHWN MHUOKap/a B

value might be 100 points. In the original version, this
index took into account POCC occurrence in a par-
ticular medical institution during a given type of sur-
gery [59]. Using the on-line calculator, it is possible to
calculate the Detsky index without introducing the
correcting factor for occurrence of complications in a
particular medical institution: https://reference.med-
scape.com/calculator/cardiac-risk-noncardiac-
surgery-detsky

Using calculators posted in Internet, one should
bear in mind that they are intended for educational
rather than clinical purposes.

In the domestic healthcare environment, during
abdominal surgeries (laparotomy), for elderly popula-
tion, the Goldman and Detsky CRI demonstrated
only a moderate predictive capability (the area under
ROC-curve was about 0.7), the sensitivity and speci-
ficity of both indices did not reach 70% [5, 7]. The
model based on the Detsky index, which was built
using the correcting factor for real occurrence of com-
plications in a particular medical institution, provided
an acceptable accuracy of the prognosis while the
Goldman index predicted the 1.7-fold lesser occur-
rence in the same clinical environment [5, 7].

Current clinical recommendations do not con-
tain specific indications of the choice of diagnostic and
treatment tactics in case of this class or other accord-
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Ta6auua 3. Crenens KapuajbHOroO pUCKa HeKapAuadbHbIX onepawyii [53,54].
Table 3. Level of cardiac risk of noncardiac operations [53, 54].

Operative Interventions

Surface

On breast

Dental

On thyroid

Ophthalmological

Reconstructive

On carotid arteries in case of asymptomatic course (carotid endarterectomy or stenting)
Minor gynecological

Minor orthopedic

Minor urological

Intraperitoneal (splenectomy, hernioplasty, cholecystectomy)
On carotid arteries when there are clinical symptoms (carotid endarterectomy or stenting)
Peripheral artery angioplasty

Endovascular prosthetics of aorta

On the head and kneck

Neurosurgical

Major orthopedic

Major urological

Major gynecological

Kidney transplantation

Minor thoracic

Operations on aorta and large arteries

Open surgeries on lower limb vessels, amputations or thrombectomy
In pancreaticoduodenal region

Hepatic resection, bile duct surgeries

Esophagectomy

Operations for enterobrosia

Adrenalectomy

Total cystectomy

Pneumonectomy

Liver or lung transplantation

Risk of Complications
Low (<1%)

Average (1-5%)

High (>5%)

ITpumeuanue. Risk of Complications — puck ocioxuennii; Low — Huskuii; Average — cpeanuii; High — soicokuii; Operative Inter-
ventions — onepaTuBHble BMemaTeabcTsa; Surface — nosepxnoctibie; On breast — na Mostounbix skenesax; Dental — cromaromnoruue-
ckue; On thyroid — na marosuanoit semnessr; Ophthalmological — oprasmbmonornueckue; Reconstructive- pekonctpykrusmbie; On
carotid arteries in case of asymptomatic course (carotid endarterectomy or stenting) — Ha COHHBIX apTepUsIX MPU GECCUMIITOMHOM
Tevennu (KapoTHIHAs SHAAPTEPIKTOMUS WU cTenTuposanue); Minor — masbie; gynecological — runexonorunueckue; orthopedic —
oproneanydeckue; urological — yposormyeckue; Intraperitoneal (splenectomy, hernioplasty, cholecystectomy) — nnrpanepuroneasbibie
(CIUIEHOKTOMUSI, TEPHUOJIACTUKA, XoaerucTakToMus ); On carotid arteries when there are clinical symptoms (carotid endarterectomy
or stenting) — Ha COHHBIX apTEPUSAX IIPU HATUYUU KIMHUYECKUX CUMIITOMOB (KapOTU/HAS SHIAPTEPIKTOMUS UM CTEHTUPOBAHUE);
Peripheral artery angioplasty — anrnomniacrukn nepudepuyeckux aprepuii; Endovascular prosthetics of aorta — angoBackysiprbie
npotresuposanus aoptel; On the head and kneck — na rosose u mee; Neurosurgical — neiipoxupypruueckue; Major — o6ummpabie; Kid-
ney transplantation — Tpancmiantanuu nouky; thoracic — ropakanbubie; Operations on aorta and large arteries — onepauuu na aopre
u kpynubix aprepusx; Open surgeries on lower limb vessels, amputations or thrombectomy — oTkpbITbIe oneparuy Ha cocygax HUKHIX
KOHEYHOCTEl, aMITyTaluy uin TpoMaktoMu; In pancreaticoduodenal region — Ha mankpeaToayoaeHanbHOI 30He; Hepatic resection,
bile duct surgeries — pesexiuu reyeHu, BMELIATEIbCTBA Ha JKeJYHBIX MPoTOKaX; Esophagectomy — a3odarakromuu; Operations for en-
terobrosia — oneparuu o nosoy nepdopanuii kumeunuka; Adrenalectomy — pesexin naanoueunukos; Total cystectomy — ToTanb-
Hble IIMCTIKTOMKN; Pneumonectomy — nueBmonskromu; Liver or lung transplantation — TpancnianTanny ne4eHun win JEerkux.

MEPUOTIEPAIIMOHHBIN TTeprojl, 06Ias aHecTe3us Ha
OCHOBE HAPKOTUYECKUX aHAITeTUKOB. [1pu aToM aBTO-
pol uddepeHuupoBann GakToOpbl PUCKa KOPOHAPO-
rennpix ocsoxkuenuii 1 CH [55]. K mepsoii rpymre
OCJIOKHEHWI TIpe/ipaclioiarajii: XPOMOTa, pPe3Koe
orpannvenue (prU3NIeCcKOil AKTUBHOCTH, THITEPKPEATH-
Huemus (>200 Mr /1) ¥ TPU3HAKN UTIIEMUN MUOKAP/Ia
npu X0JITEPOBCKOM MOHUTOPUPOBAHIH TTOCJIE OTlepa-
. [penukropamu passutiis CH Obliu: HapyeHus
puTMa cep/ilia B aHaMHese, caxapHbiii quaber, Tpebyro-
Wi JIeYeHws], JTUTeTbHAsT aHeCTe3Us U Olepalus,
cocyIucTas XUpyprusi, ob1ast anecTe3ns: Ha OCHOBE
HAPKOTUYECKUX aHAJITETUKOB MM KOMOUHAIIMN 130~
rypana u HADKOTUYECKUX AHATITETUKOB.

ing to the original or modified CRI, which consider-
ably diminishes their clinical significance. Besides,
both indices require a set of laboratory tests, ECG
data, their computation is rather laborious, etc., which
might impede their introduction into the domestic
clinical practice.

These drawbacks are absent in the much simpler
‘revised CRI’ (RCRI) or ‘Lee index’ [60]. This index
was offered by the authors for a maximally wide use as
the simplest and most meaningful predictive index
(table 5). By now, RCRI (Lee index) is included in the
recommendations on reduction of the risk of cardiac
complications in noncardiac surgery of different coun-
tries and medical communities [13, 22-24, 26, 53]. In
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Ta6auua 4. IlpumepHast olleHKa SHEPreTHYECKUX 3aTpaT NPH Pa3juYHOM ypoBHe (pusndecKkoii akrusnoctu [13,24,26].
Table 4. Approximate estimation of energy consumption at different levels of physical activity [13, 24, 26].

Can you: Can you:
1 MET 4 MET
Take care of yourself, eat, Make 1-2 flights upstairs or go uphill?
put on clothes, visit toilet? Run a short distance?
Walk around your house? Make 1-2 flights upstairs or go uphill?
Run a short distance?
Walk 100 m over an even surface at a speed of 3—5 km /hr? Engage in energy-intensive sports such as swimming,
tennis, football, basketball, skiing?
4 MET >10 MET

ITpumeuanue. Can you — moxere s Bor; take care of yourself, eat, put on clothes, visit toilet — o6cryskuBaTh cebs, ecTh, oOneBaTHCA,
nocemars ryaser; walk around your house — ryssits Bokpyr goma; walk 100 m over an even surface at a speed of 3—5 km/hr — npoiirn
paccroste 100 M 110 POBHOH TIOBEPXHOCTH €O CKOPOcThIo 3—5 kM/4; make 1-2 flights upstairs or go uphill — nognumarses na 1-2
JIECTHMYHBIX TIPOJIETA WJIM MATHU B Topy; run a short distance — npoGexarh KOPOTKy0 ANCTaHINIO; engage in energy-intensive sports
such as swimming, tennis, football, basketball, skiing — sanumarbcst cliopTom ¢ BBICOKUMU dHEPro3aTpaTaMu, TAKUM KaK [JIaBaHUE, TEH-

nuc, pyr6os, 6ackeTboI, JTHIKH.

Criesyer OTMETHTB, 4TO, 6J1aroaps mporpeccy
Kap/IHOJIOTUH 1 BBICOKOMY JIE4eOHO-INarHOCTHYECKO-
MY YPOBHIO MEJUITUHDI, IOCTUTHYTOMY 3a TTOCJIeHIE
roziel, ipeaukTopbl [IOKO mengiorcs, mepeuenb nx
cokpaiaercs [51, 55]. Tax, o JaHHBIM UTATbSTHCKOTO
uccaenoanuss Orion, OCHOBHBIMHU MPEAUKTOPAMU
[TIOKO sBasiiorcd: omnepatuBHOE BMENIATEJIbCTBO
BBICOKOTO pHUCKa (110 IIKajJe pUCKa KapAuaJbHBIX
OCJIOKHEHUH HeKapAMaJIbHBIX ONeparuii), Tsxesnas
nmouyeyHast HeoctatouHocTh, XCH 1 Bospact [55].

O1eHka npeionepaoHHbIX OYHKIMOHAIBHBIX
pe3epBoB. DYHKIMOHATIbHbIE PE3EPBbl OPraHU3Ma
(crertenb (hU3MUECKOI aKTUBHOCTU ) MOKHO OTIpejie-
JIUTH BO BPeMsl HATPY30YHBIX TECTOB (BEJIOIPrOMeET-
pust, TPEAIMUII-TECT ) UM OPUEHTUPOBOYHO ITyTEM Pac-
yerHoit Meroauku [56]. B kadecTBe yCJOBHOI
eIMHUTIBI U3MepeHUs (PU3NYECKON aKTUBHOCTH TIPU-
uar 1 merabonnuecknii sxsusanent (MET), koTopbrit
COOTBETCTBYET MOTPEOJNEHUIO KUCIOPOA CO CKOPO-
crtbio 3,5 Mu/Kr/mMuH (ToTpebiieHre KUCJIOPoaa B
nokoe y my>kuunbl 40 siet ¢ maccoit Tesia 70 kr). Ilpu
orpoce 60JIBHOTO eCTh BO3MOKHOCTH OPUEHTUPOBOYHO
OIIEHUTDH eT0 (DYHKIIMOHAJIBHBIN CTATYC IIyTeM OlIEHKU
€ro TIOBCETHEBHOM aKTUBHOCTH C TIOMOIILIO TleJIeHa-
IpaBJIeHHBIX BoIpocoB[13, 24, 26, 53] (tabur. 4). Otse-
TBI Ha yKa3aHHbIE TPOCTDIE BOIIPOCHI TIO3BOJIAIOT OTIpe-
JICJIUTh, BBINOJHACT JM TalueHT (U3NYECcKyTo
narpysky <4 MET wmu >4 MET. [Ipu yuximonanb-
Holt criocobHocTu 6osee 4 MET manbueiiniee obce-
nosatue He TpeOyercsi. [Ipy HEBO3BMOKHOCTH BBITIOJ-
uuth Harpysky Oosee 4 MET puck IIOKO mosbimien.

WUnnexcol pucka ocinoxkHenuid. Hapsany c kaue-
crBenbiM onpezesenneM pucka ITOKO, nesecoobpas-
Ha KOJMYECTBEHas OlleHKa (B TIPOIEHTaX W/Miu
YCJIOBHBIX Oasiax) mnocieanux. [lepBorii Kosmde-
cTBeHHbIN nHAeKe onenku prucka IIOKO paspaboranu
Goldman L. u coast. [57]. ITOT HHAEKC HA3bIBAIOT
«OpUTAJIbHBIN WHEKC KapauaabHoro pucka (MKP)»
um <ungexe Goldman» [49]. Ilpu pacuere ciexyer
YUUTBHIBATH HE TOJIBKO JaHHbIE aHaMHe3a 1 (hU3UKaJIb-
HOTO 00CJIeI0BAHMSI, HO U HEKOTOPBIE JTaboPaTOPHbIii
MOKA3aTeJNH, MOACYET YaCTOThl dKCTPOCUCTOJN U JIP.

the total cogort of patients, the RCRI score corre-
sponds to POCC occurrence as follows: 0 — 0.4%, 1 —
0.9%, 2 — 7%, >3 — 11% [60].

At the same time, the interpretation of RCRI
calculation results for different types of operative in-
terventions vary considerably. To calculate the index,
one can use the on-line calculator providing RCRI cal-
culation for the surgery of abdominal aorta aneurysms,
orthopedic, vascular, thoracic, and abdominal opera-
tions: https://reference.medscape.com/guide/med-
ical-calculators#heart and chest

Though RCRI is included in most current recom-
mendations, its prective capability still remains a sub-
ject for discussion [56]. For example, the investigation
undertaken in the Erasmus University Rotterdam
Hospital (the Netherlands) [52] has shown insufficient
accuracy of the forecast. The authors recommended to
add into RCRI more details about the nature of oper-
ative intervention and patient’s age (the ‘adapted Lee
index’). On the contrary, Canadian researchers [61]
emphasize high accuracy of the forecast provided by
RCRI. Moreover, the authors point out that the accu-
racy of prediction does not fall down when existence
of insulin-dependent diabetes and renal dysfunction is
not analyzed. It should be noted that the least signifi-
cance of these two RCRI risk factors out of six avail-
able was mentioned by its developers themselves [60].
The RCRI validation studies carried out under real-
life conditions of the domestic healthcare have shown
that it falls short of forecast accurace compared to the
Detsky index [5, 7]. At the same time, the simplicity of
RCRI usage paves undoubtedly the way to its wide ap-
plication and inclusion into meaningful international
recommendations, the more so as the specificity of di-
agnostic measures and preoperation preparation of pa-
tients in the real clinical environment rest on
qualitative indices (low, intermediate, high risk) and
such approximate signs as patients’ physical activity
(functional reserves) expressed in MET rather on pre-
cise prevalence of predicted complications.

Besides, the parameters studied by Lee T. H. et al.
[60] are currently treated as 'clinical risk factors' (pres-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 2



DOI:10.15360,/1813-9779-2019-2-53-78

O63opsr
|

MakcuMasbHas OlleHKa MOJKET COCTaBUTH 55 GAJIJIOB.
ABTOMATHYECKUIT pacUeT NHAEKCA BO3MOXKEH C TIOMO-
MIbI0 KAJIBKYJSATOPA, pasMelnenHoro B Murepuere:
https://reference.medscape.com/calculator/cardiac-
risk-noncardiac-surgery-goldman.

B npanbneitmem Detsky A.S. u coasr. [58, 59]
OTMETHJIU HEOCTATOUHYIO IPEAUKTOPHYIO TOUHOCTb
opurunanbioro MKP u npennoxunu ero moxuduka-
1o — errie GoJiee TOAPOOHbIH «MOAUDUITUPOBAHHBIIT
NKP» wmm <«ungexc Detsky», MakcuMasbHoe 3Hade-
HHUE KOTOporo MoskeT coctaBuTh 100 6amnos. B opur-
HAJTBHON PeaKIUU dTOT UHIEKC YIUTHIBAJ YACTOTY
pasButust [IOKO B KOHKPETHOM Jie4eOHOM YUpesKie-
HUU [IPY IAHHOM BH/IE XUPYPTUUECKOTO JieueHust [59].
C moMoTIIbIo OH-JIANH KaJTbKYJISITOPA BO3MOXKEH pac-
gyer unAekca Detsky 6e3 BBeseHuMs MOMpPaBKU Ha
YaCTOTY OCJIOKHEHUI B KOHKPETHOM MEIUIIUHCKOM
yupesxaenun: https://reference.medscape.com/calcu-
lator/cardiac-risk-noncardiac-surgery-detsky.

Wcmonb3ys KaabKyJsTOPBI, pa3MellleHHble B
WNurepuete, cienyer MMeTh B BUJLY, YTO OHU MpeHA-
3HAUEHBI [171s1 00PA30BATENBHBIX, & He [/ KIUHIYe-
CKUX IIeJIe.

B ycioBusX 0TeuecTBEHOTO 3/[PABOOXPAHEHS
MPU BBITIOJHEHUY a6OMUHAIBHBIX (JanapoTOMUs)
BMENIATeJIbCTB OOJBHBIM CTapIieil BO3PAaCTHON TPyTI-
bl IKP Goldman u Detsky mpoaemomncrpupoBaiu
JIMIITh YMEPEHHYIO TIPOTHOCTUYECKYIO CIIOCOOHOCTD
(mromaabs mox ROC-kpuBoii okoso 0,7), yyBcTBU-
TEJNBHOCTh W CHENUPUIHOCTE 060UX UHJIEKCOB He
nocturaa 70% [5, 7]. Moxenb Ha ocHoBe mHekca Det-
sky, mocTpoenHas ¢ UCTIOIB30BaHMEM MOMPABKKU Ha
peasibHyIo YaCTOTY OCJIOKHEHUIT B KOHKPETHOM M€/~
[IUHCKOM YYPEsKIeHNUHU, 0OeCcTeunsia mpueMIeMyio
TOYHOCTH MPOrHO3a, a uHAeke Goldman B aToii ke
KJIMHUYECKOU CUTYAIUN TIpeicka3as B 1,7 pa3a MeHb-
HIyio 9actoty [5, 7].

CoBpeMeHHble KINHUYECKIE PEKOMEH/IAIINH He
Co/lepKaT KOHKPETHBIX YKa3aHUN Ha BBIGOP MarHO-
CTUYECKHU-/IeYeOHON TAKTUKU TIPU TOM WU HHOM
KJIACCe TI0 OPUTHHAIBHOMY UM MOAUMUIIUPOBAHHO-
my VIKP, uTo cyiecTBeHHO CHIKAET UX KIMHIUYECKYIO
3HaunMoCTh. Kpome Toro, 06a ntjekca Tpebyior KoM-
niexca 1abopaTopHbIX uccaenoBanuii, nanubix KL,
MOJICYET UX JOCTATOYHO TPYMIOEMOK H T. I., UTO MOKET
3aTPYAHUTDH UX BHEIPEHUE B OTEUECTBEHHYIO KIUHU-
YeCKYIO IIPAKTUKY.

ITU HEIOCTATKU OTCYTCTBYIOT y 3HAUUTETHHO
6ouee ipocroro «irepecmorpennoro MKP — ITMKP)»
(om anen. — Revised Cardiac Risk Index — RCRI) win
«ungekca Lee» [60]. Dtor uumexe ObLI IpeaIoKeH
ABTOPAMHU TSI MAKCUMAJIBHO IIMPOKOTO MCIIOIb30Ba-
HUST Kak HanboJiee TIpoCcTod 1 MHMOPMATHBHBIN TIPO-
THOCTHYECKUH 1oKasaTesb (Tabu. 5). K macrosmemy
Bpemenn [TUKP (unnexc Lee) Bkimiouen B pekomen ia-
IIUY 10 CHUZKEHUIO PUCKA KaPAUATBHBIX OCIOKHEHTIT
B HEKAPIUATIBHON XUPYPTUM PA3JUYHBIX CTPAH U
MeIUIMHCKIX coobmiecTs [13, 2224, 26, 53]. B obmieit
Koropte 60J1bHBIX OambHas onenka o [IMKP coorser-

ence of angina and earlier MI occurred more than 30
days before, CHF, an acute cerebrovascular accident or
transient ischemic attack in past medical history, blood
plasma creatinine over 177 umol/l and/or creatinine
clearance less than 60 ml/min, diabetes mellitus requir-
ing insulin therapy) [24], which are recommended to
be taken into account in determining the diagnostic and
treatment tactics in patients with low functional re-
serves (<4 MET) [26]. The same factors are included
in the three-level cardiac risk classification recom-
mended by the Spanish authors (table 6) [21].

Thus, mandatory identification and assessment
of the risk factors included in RCRI have apparent ap-
plied significance in implementation of a strategy
aimed at reduction of the risk of cardiac complications.
Taking into account that patients can develop periop-
erative type 1 MI without THD signs, domestic au-
thors recommend using the scale of atherosclerosis
markers to predict the probability of such complica-
tion (table 7) [5, 7, 53]. Presence of 5 risk factors and
more evidences a high risk of perioperative MI. Un-
fortunately, this predicting scale has not been vali-
dated on a large cogort of patients to the present day.

Among domestic developments, the individual
risk index (IRI) of cardiac complications is worth
mentioning, which is calculated by a special formula
based on 5 signs: CHF in past medical history, age
older than 70 years, presence of angina and FC II or
FC III, non-sinus heart rythm, >5 ventricular ex-
trasystoles at sinus heart rythm [33]. The index has
been developed based on the logit regression method
and can be calculated with the help of a special for-
mula. According to the authors [32], in the population
analyzed (elderly oncological patients), IRI possesses
a better predictive capability than RCRI.

Search for and validation of new predictive indices
continues abroad. The authors of the Orion study are
validating a scale that includes 4 risk factors: a high-risk
operative intervention, glomerular filtration rate <30
ml/min., presence of CHF in a patient older than 75
years of age or an age over 75 years in the absence of
CHF [56]. Within the frames of the National Surgical
Quality Program (NSQIP), based on the analysis of
data of 211410 surgical patients, the American College
of Surgeons has developed a scale for assessment of the
risk of MI/cardiac arrest (MICA) [62]. Calculation of
the NSQIP_ MICA index (NSQIP index) includes the
type of operative intervention, qualitative evaluation of
the level of functional reserves’ lessening, the degree of
blood creatinine increase, and the anesthesiological risk
according to ASA. It is impossible to calculate this index
manually, but there is an on-line calculator available in
Internet: http://www.surgicalriskcalculator.com /mior-
cardiacarrest.

The NSQIP index is recommended for clinical
use in the latest recommendations published in 2017—
2018 [22, 23].

Natriuretice peptides (NUP) of type B in pre-
dicting POCC. Recently, the interest of clinicists to
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Ta6auma 5. Makropsl pucka, Bxoauue B pacuer [INKP [60].

Table 5. Risk factors included in RCRI calculation [60].

Risk Factors Points
High-risk surgery 1
Ischemic heart disease (myocardial infaction in past medical history,

positive stress tens in past medical history, angina complaints, nitrate therapy, Q wave on ECG) 1

CHF (CHF signs in past medical history, pulmonary edema in past medical history, night dyspnea attacks,

bubbling rale in the lungs or cantering rhythm, augmented lung markings on X-ray)

Acute cerebrovascular event or transient ischemic attack in past medical history

Insulin-dependent diabetes mellitus

Ui U N

Serum creatinine >180 pmol/I

1

ITpumeuanue. Risk Factors — daxrops pucka; high-risk surgery — xupyprudeckoe BMenaTesbeTBo BbICOKOTo prcka; ischemic heart
disease (myocardial infaction in past medical history, positive stress tens in past medical history, angina complaints, nitrate therapy, Q
wave on ECG) — umemunueckast 60sie3ib cepaiia (MudapkT MUOKap/ia B aHaMHe3e, MOJOKUTETbHBII Harpy304YHbIA TeCT B aHaMHese,
JKaJI00BI Ha CTEHOKapauio, Tepanus Hurpatamu, Q syGen na IKT); CHF (CHEF signs in past medical history, pulmonary edema in past
medical history, night dyspnea attacks, bubbling rale in the lungs or cantering rhythm, augmented lung markings on X-ray) — XCH
(TpU3HAKM XCH B aHaMHe3e, OTEK JIETKOT0 B aHaMHe3e, TPUCTYTIBI HOUHJIN OJ[BIIIKH, BIAKHbIE XPUIIBI B JIETKUX UJIM PUTM TaJioNa, yCHu-
JIEHHBIN JIETOYHBIIT PUCYHOK Ha PeHTreHoTpaMme); acute cerebrovascular event or transient ischemic attack in past medical history —
0CTPOE HapyIIeHNuEe MO3rOBOr0 KPOBOOOPAIIEHUST UJIU TPAH3UTOPHAS UIIIEMUYECKas ataka B anamuese; insulin-dependent diabetes mel-
litus — mHCyIMH-3aBUCUMBIIT caxapHblil rabeT; serum creatinine — KpeaTUHUH CHIBOPOTKH; Points — Gasibl.

crBoByet dactore IIOKO crenyromum obpasom: 0
6asnos — 0,4%, 1 —0,9%, 2 — 7%, >3 — 11% [60].

Bwmecre ¢ Tem, nHTepIipeTaiusg pe3yabraToB pac-
yera [TMKP pist pazmuynbix BUIOB OMEpPaTUBHBIX
BMeEIIATEIbCTB CYIIeCTBEHHO Bapbupyetcs. [lis pac-
yeTa MH/IEKCa MOKHO UCITOJIb30BATh OH-JIaiie KaJabKy-
aaTop, obecneunsalomuii pacuer ITMKP pisa xupyp-
TUU aHEBPU3M OPIONTHON A0PTbHI, OPTOMEINIECKUX,
COCY/IUCTBIX, TOPAKAIBHBIX U aOJOMUHAIBHBIX OTepa-
muii: https://reference.medscape.com/guide/medical-
calculators#heart _and_chest.

Xotsa IIMKP BkIo4eH B GOJIBLUIMHCTBO COBPE-
MEHHBIX PEKOMEH/IAIN, er0 IPOTHOCTUYECKad CIo-
COOHOCTD TIPOJIOJIKAET OCTABATHCSI TIPEAMETOM JINCKYC-
cun [56]. Hanmpumep, ncciieioBatue, BHIIOJIHEHHOE B
KJIMHUKE YHUBepcuTeTa nM. Jpasma Porrepiamckoro
(Hupepaanaer) [52], mokasaio HEJOCTATOUHYIO TOY-
HOCTH MPOTHO3a. ABTOPBI PEKOMEHIOBAJIN JI0OABIISATH
B IIKP Gonee mogpobHyIio nH(GOPMAIIIO O XapaKTe-
pe OMepaTUBHOTO BMEIITATEIbCTBA 1 BO3PACT OOTBHBIX
(«amantupoBanubiit» nnaekc Lee). Hanporus, kanas-
ckue uccyenoBatesn [61] moguepKUBaOT BBICOKYIO
TOYHOCTB IIPOrHo3a, obecneunsaemoro ITMKP. Bosee
TOTO, aBTOPBI YKA3bIBAIOT, YTO TOYHOCTH IIPOTHO3A HE
CHUKAETCH, €CJIM He aHAJIM3UPOBaTh HAIMYUE UHCY-
JIMH-3aBUCUMOTO inabera u TOoYedHON JuchyHKIIUH.
Hanmo ormeruTtb, 4TO HAa HAWMEHBIIYIO 3HAYUMOCTD
3TUX ABYX cpeau 1rectu aktopos pucka [TUKP yka-
3bIBAJIM caMu ero paspaborunku [60]. MccaenoBanmst
no Basmu3aruu [TKP B peasbHbIX ycioBusX oTye-
CTBEHHOTO 3/[PABOOXPAHEHUS MTOKA3aJH, YTO OH yCTY-
maeT B TOYHOCTM mporuosa uuuekcy Detsky [5, 7].
Bwmecre ¢ tem, npocrora npumenenus [[MKP, neco-
MHEHHO, SIBUJISIETCS 3JI0TOM €T0 MIMPOKO TPUMEHEHUS
M BKJIOYCHMS B JIOKA3aTeJbHbIC MEKIyHApOIHbIC
pexomenaiun. Tem 6osiee, 4T0 0COGEHHOCTH JNATHO-
CTUYECKUX Mep U TIPEAONPAIMOHHON MOATOTOBKU
GOJIBHBIX B PEANBHBIX KIMHUYECKUX YCIOBUAX OIH-
paioTcsi He Ha TOYHYIO YacTOTYy HPOTHO3UPYEMBIX

OCJIO)KHGHI/Iﬁ, a Ha Ka4eCTBEHHbIE ITOKa3aTe/In (HI/I3-

usage of B type NUP as myocardial tension biomark-
ers grows increasingly. The contemporary understand-
ing of the physiology and biochemistry of type BNUP
secreted by the heart, which are components of a com-
plex neuroendocrine system, is described quite explic-
itly [63, 64]. NUP of differenty types (A, B, C,
urodilatin) have been identified. In addition to influ-
ence on the activity of sympathoadrenal system,
water-salt metabolism, circulating blood volume and
vascular tone, suppressing effect on the renin-an-
giotensin-aldosterone system, different types of NUP
regulate proliferative processes, activate lipolysis, ox-
idation of nonesterified fatty acids, mitochondrial bio-
genesis, activate release of adiponectin and decrease
secretion of leptin, increase glucose-stimulated secre-
tion of insulin, cause relaxation of smooth muscles of
bowels, are involved in inflammation and carcinogen-
esis processes [63, 65, 66]. NUP have a specific recep-
tor apparatus and their enzyme-dependent breakdown
takes place with the help of neutral endopeptidase en-
zyme (neprilysin).

Type B or ‘brain’ NUP (brain natriuretic peptide —
BNP) is actively secreted by ventricular muocardium.
BNP flux into blood is an autoregulatory heart reaction
providing adaptation to overload by volume and other
stress impacts that can lead to increased load on car-
diomyocytes and their overdistension. In the course of
BNP secretion into blood from the molecule of hormonal
precursor proBNP under the action of specific enzyme
corin, popypeptide molecule of inactive substance N-ter-
minal segment proBNP (NT-proBNP) separates. BNP
and NT-proBNP are biomarkers that can be used in the
laboratory diagnosis of different diseases, but first of all in
CHEF patients [63, 64]. The interpretation of biomarker
analysis findings should take into account the peculiari-
ties of their physiology and morbid physiology (table 8).

During the latest 2—3 years, the clinicists’ atti-
tude to the diagnostic value of B type NUP has clearly
changed including in official international recommen-
dations on the CHF diagnosis and treatment. In the
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Ta6auua 6. TpexyposueBas mxkaia onenku pucka [IOKO npu HekapauaibHbIx onepanusx [21].
Table 6. Three-level scale of POCC risk assessment during noncardiac surgeries [21].

Risk Factors
Low level A patient without a diagnosed cardiovascular disease subject to presence of <2 risk factors
Intermediate level A patient without a diagnosed cardiovascular disease when 2 risk factors are present
High level Acute coronary syndrome
Angina
CHF

Clinically expressed cardiac valve defects

Cyanotic congenital heart diseases or pulmonary hypertension

Cardiac risk Insulin-dependent diabetes
Renal failure

Age > 65 years

Acute cerebrovascular event or transient ischemic attack in past medical history

IIpumevanue. Risk — puck; low — Huskwmii; intermediate — npomesxyrounsiii; high — Beicokuit; level — yposens; cardiac — kapanasinb-
Hblii; factors — daxropsr; a patient without a diagnosed cardiovascular disease — GoJbHO# Ge3 AMArHOCTUPOBAHHOTO CEPAEYHO-COCY-
mctoro 3aboseBanus; subject to presence of <2 risk factors — npu nasmunm <2 daxropos pucka; when 2 risk factors are present —
npu Hammauu 2 HaKkTOPoOB PUCKa; acute coronary syndrome — oCTpbIii KOPOHAPHBIN cHHAPOM; angina — crenokapaus; CHF — XCH;
clinically expressed cardiac valve defects — kimHnuecku BoipakeHHbie KaalaHHble TOPOKU cep/la; cyanotic congenital heart diseases
or pulmonary hypertension — csio:ible BpOsKAeHbIe TOPOKU CeP/ITia W Jerodmas rumerensns; insulin-dependent diabetes — nrcy-
JIMH-3aBUCHMBIN auaber; renal failure — moueunas HemocTaTOUHOCTD; age > 65 years — Bospact > 65 Jsiet; acute cerebrovascular event
or transient ischemic attack in past medical history — ocrpoe HapyieHre MO3roBOro KpOBOOGPAIIEHHS! HJIM TPAH3UTOPHAS MIIEMITYECKast

aTaKa B aHaMHe3e.

KU, IPOMEKYTOUHBIH, BBICOKAN PUCK) W TaKne OpH-
E€HTUPOBOYHbIC NMPU3HAKU, KaK (pu3mueckass aKTHB-
HOCTb ((DYHKIIMOHAIBHBIE Pe3epPBbI) GOJBHBIX, BbIPa-
skernsie B MET.

Kpowme Toro, nokazartesu, nsyuernsie Lee T. H. u
coaBT. [60], B HacTosiIee BpeMsi pacCMaTpPUBAIOT KaK
«KJIMHWYECKUE (DaKTOPhI PUCKay (HATMINE CTEHOKAp-
nmn, iepeHecenHbiii IM gaBHOCTBIO Gostee 30 CyTOK,
XCH, ocTpoe HapylleHe MO3roBOro KpoBoobpariie-
HUS WJIA TPAaH3UTOPHAS UIIEMUYecKas aTaka B aHaM-
Hese, KpeaTUHWH I1J1a3Mbl KpoBu 6oJiee 177 MKMOJIb/J1
U/WJIN KJIUPEHC KpeaTuHHA MeHee 60 MJ1/MUH, caxap-
HBIH qrabet, TpeGytonii nHeyauHOTEepanun) [24],
KOTOPBIE PEKOMEH/IYIOT YUUTBIBATH TIPU OTIPE/ICTICHUN
JiedeOHO-IMATHOCTHYECKOH TAKTUKK Y OOJIBHBIX € HU3-
KUMU QYHKIIMOHAIbHBIME pe3epBamu (<4 MET) [26].
I1H Ke (HaKTOPHI BXOAAT B TPEXYPOBHEBYIO KITACCH-
(buxIIIO CTETIEHEH KapAMAIHLHOTO PUCKA, PEKOMEH/Tye-
MYIO HCHaHCKUMU aBTopamu (tabir. 6) [21].

Takum 06pas3oM, 06g3aTeIbHOE BbISIBJICHUE U
ornenka (akToOpoB pucka, BkAO4YeHHbIX B [TMKP,
MMeI0T HECOMHEHHOE TTPUKJIQ/[HOE 3HAaUeHUE B pea-
JIU3AIWHU CTPATETUH, HAMPABJICHHON HA CHUKEHUE
pUCKa KapAMaJbHBIX OCHOXKHECHUN. YUUTHIBAS, YTO
nepuornepainonubiii UM 1-ro Turia MoskeT pa3BUTh-
cs1'y 6oabHbIX 6e3 pusHakos BC, st mporuosu-
POBaHUS BEPOSATHOCTH TAKOTO OCJOKHEHUS OTeve-
CTBEHHBIE aBTOPHI PEKOMEHAYIOT HCIIOJb30BAThH
MKy MapKepoB aTepockieposa (tabm. 7) [5, 7, 53].
Hasmuie 5 1 6oJiee (hakKTOPOB PUCKa CBUIETETbCTBY -
eT 0 BBICOKOM pucke nepuorepaiuonrnoro MM. K
COKAJTICHUTO, HTA TIPOTHOCTUYECKAS MITKAJIA IO HACTOS -
IIEr0 BPEMEHU He TIPOTIIA BATUU3AIUN B OOIIHD-
HOI1 KOropre 60JIbHBIX.

Cpelli  OTeYeCTBEHHBIX Pa3pabOTOK CJeLyeT
OTMETUTh NHJIEKC MHANBHUAYyaIbHOTO pucka (IUP)
Kap/INaJbHBIX OCJOKHEHUW, PACCUUTBIBAEMBIN TI0
CIIEIUATbHO (hOPMYJIe Ha OCHOBE S TPIMHAKOB: HAJIH-

Amercian guidelines on CHF diagnosis and treatment
of 2013, arather cautious attitude to assessment of the
diagnostic value of B type NUP was observed [42].
Similarly, the European guidelines on use of B type
NUP in acute cardiac care of 2012 note that though
these biomarkers can be useful in CHF diagnosis and
risk stratification in in-patients, they do not have sig-
nificant advantages over other biomarkers and their
specificity is to be further investigated [65]. Corre-
spondingly, the European guidelines on reduction of
the risk of cardiac complications for noncardiac surgey
of 2014 say that BNP and NT-proBNP may be used to
get independent predictive information about the risk
of perioperative and delayed complications in high-
risk patients; however, their routine use is not recom-
mended [13].

In 2015, a systematic overview and meta-analysis
dedicated to the diagnostic value of NUP assessment
during AHF and CHF was published [67]. The authors
pointed out high diagnostic value of the biomarkers.
They emphasized that low NUP with high sensitivity
eliminates CHFE. The European guidelines on CHF di-
agnosis and treatment of 2016 pay much attention to
B type NUP. The level of these biomarkers is given as
one of the main diagnostic criteria for CHF with de-
creased and normal LVEF. BNP or NT-proBNP moni-
toring is recommended in different clinical situations,
in case of dyspnea of unclear etiology, acute blood cir-
culation decompensation, etc. [43]. The Spanish guide-
lines on reduction of the risk of cardiac complications
in CHF patients (2015) recommend assessment of
NUP to get independent diagnostic information about
the risk of perioperative and delayed cardiac compli-
cations in high-risk patients [21]. Moreover, the au-
thors recommended a CHF detection algorithm based
on determination of the level of BNP or NT-proBNP
and providing for obligatory echo-cardiography in pa-
tients whose blood BNP is higher than 100 pg/ml or
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Ta6mua 7. MakTopbl pUCcKa/MapKepbl aTepockiaeposa [3,7].

Table 7. Atherosclerosis Markers/Risk Factors [3, 7].

Ilokasarenn

Parameters

TpansuropHas uieMuuecKast ataka, "H(GAPKT FOJIOBHOTO MO3Ta,
CTeHO3 COHHOU apTepun Gosee 50% (110 TaHHBIM YJIBTPA3BYKOBON
nomrieporpadun) u/mim peKOHCTPYKTUBHBIE BMEITATEbCTBA HA
COHHBIX apPTEPHSIX B aHAMHE3€

Transient ischemic attack, brain infarction, carotid artery stenosis
over 50% (according to Doppler US examination) and/or recon-
structive interventions on carotid arteries in past medical history

AneBpraMa 6PIONITHOTO WV TPYIHOTO OT/ENA A0PTHI

Abdominal or thoracic aorta aneurysm

ATepockIepo3 coCyI0B HUPKHUX KOHEUHOCTE: HAINYIe TFeMOJIN-
HaMMUYECKHU 3HAUNMbIX CTCHO30B B COYETAHUY C KIMHUYCCKUMU
[PHU3HAKAMI HEOCTATOYHOCTH KPOBOOOPAIIEHUST UITH PEKOH-
CTPYKTHBHBIE BMEIIATETbCTBA HA APTEPUSIX HIKHIX KOHEYHOCTEN
B aHaMHe3e

Lower limb atherosclerotic vascular disease: presence of hemody-
namically significant stenosis combined with clinical signs of cir-
culatory deficiency, or reconstructive interventions on low limb
arteries in past medical history

CaxaprIﬁ [[I/Ia6eT NI HapyHeHne ToJIEPpaHTHOCTH K IJIIOKO3€

Diabetes mellitus or impaired glucose tolerance

Kypenne

Smoking

JlucannuiemMunst: MHEKC aTeporeHHOCTH (OTHOIIEHUE COJepsKa-
HUSI XOJIECTEPUHA JIUTIOIPOTENI0B HU3KOU IVIOTHOCTHU K COJeprKa-
HIIO XOJIECTEPUHA JINTIOMPOTENIOB BBICOKOH TIIOTHOCTN) GoJtee 3

Dyslipidemia: the atherogenic index (relation of the content of
low density lipoprotein cholesterol to the content of high density
lipoprotein cholesterol) more than 3

Wnjexce macent Tesa 6oee 25 Kr/m?

Body mass index over 25 kg/m?

Aprepuanbnas runieprensust: A/l >140/80 MM pT. cT. nu npuMme-
HeHMe TUIIOTEH3NBHBIX TTPENapaToB

Arterial hypertension: ABP >140,/80 mm Hg or use of antihyper-
tensive agents

yue XCH B anamuese, Bozpact crapiie 70 Jjiet, Hau-
que crenokapauu [1 @K win 111 DK, Hecunycosbrii
PUTM CEPIIA, >5 JKeTYAO0UKOBBIX 9KCTPACUCTOJ IIPU
cuHycoBoM putMe cepana [33]. Muuekc paspaboran
Ha OCHOBE METO/1a JIOTUCTUYECKOH Perpeccuu U MOKeT
GBITH PACCYUTAH € TIOMOIIBIO CTIEIUATBHON (DOPMYJIBI.
[To muenuto aBTOpoB [32], B npoaHajn3npOBaHHON
Oy JIAIUU (OHKOJIOTHYecKre GOJIbHBIE CTapIiieil BO3-
pactHoi rpynnsl) MP obaagaer nydineii mpeguk-
TOPHOI criocobHOCThIO, yeM ITMKP.

[TponoszkaeTcss TOUCK W BaJTUAM3AINAS HOBBIX
MPOTHOCTUYECKUX WHIIEKCOB 32 PyOeKOM. ABTOPBI
uccaenoanus Orion BAIUIN3UPYIOT IIKAJY, BKJIO-
yaroniyio 4 (hakTopa pucka: orepaTuBHOE BMellaTe b-
CTBO BBICOKOTO PUCKA, CKOPOCTH KIYOOUKOBOI (hUIIbT-
paunn <30 mu/munH, Hamuune XCH y 6GosabHOTO
crapiiie 75 JieT WK BO3PACT CTapiiie 75 JIeT IPU OTCYT-
creur XCH [56]. AMepHKaHCKIIT KOJIIEIK XUPYPIoB
B paMKax mporpammbl HanmonanbHOH 1porpaMMbl
yayurienus kauectBa xupypruu (NSQIP) na ocnona-
HUM aHaim3a gaHHbix 211410 xupypruvyeckux 60Jb-
HBIX, pa3paboTaJl IKajy oleHKr prucka M /octaHoB-
ku cepana (MICA) u [62]. B pacuer wunpmekca
NSQIP_ MICA (unmexc NSQIP) Briiovaiorcs Buj
OII€PaTHBHOTO BMEIIATEIbCTBA, KAUeCTBEHHAS OllEHKA
CTereHn CHIKeHN (DyHKIIMOHAJIBHBIX PE3epPBOB, CHe-
TIeHb ITOBBIIIEHUS YPOBHS KpeaTHHA B KPOBU 1 aHeCTe-
3uosioruueckuii puck o ASA. Pacuer atoro unmpekca
BPYYHYIO HEe BO3MOsKeH, HO B VIHTepHeTe I0CTyIIeH OH-
JaiiH KaabKyasrop: http://www.surgicalriskcalcula-
tor.com/miorcardiacarrest.

WNunexe NSQIP pexomenioBaH /17151 KITMHUYECKO-
IO UCIHOJIb30BAHYSI B HANOOJIeE COBPEMEHHBIX PEKOMEH-
Janyx, onyomkoBadHbix B 2017—-2018 rr. [22, 23].

Harpuiiypernueckue nentuast (HYII) B-tuna
B nporno3upoBanuu IIOKO. B nocnennee Bpems
HEYKJOHHO BO3PACTaeT MHTEpPEC KJIMHUIIMCTOB K
UCIIOJIb30BAHUIO B KAYEeCTBE HUOMAPKEPOB HATIPSIKE-
Hust muokapaa HYTI B-tuna. CoBpemeHHble Tipeji-

NT-proBNP is higher than 300 pg/ml. It is also men-
tioned that CHF probability equals to 95% at
BNP>400 pg/ml and /or NT-proBNP>1800 pg/ml.

Finally, the American guidelines on CHF of 2017
paid maximal attention to type B NUP. According to
the latest data, a number of important addenda were
made concerning diagnostic and screening use of BNP
and NT-proBNP [68]. In particular, for the first time
it was mentioned that the NUP screening combined
with early treatment measures can prevent CHF de-
velopment.

So, application of NUP monitoring to predict the
risk of cardiac complications, in particular, periopera-
tive HE, looks extremely promising in the opinion of a
number of researchers and deserves wide introduction
into the clinical practice, and quite specific recommen-
dations have appeared.

Canadian clinicists [23] recommend determin-
ing BNP or NT-proBNP prior to noncardiac surgery
in patients of 65 years of age and older, in patients of
45-64 years of age who have concomitant cardiovas-
cular diseases or RCRI>1. For patients with in-
creased preoperative BNP or NT-proBNP, it is
recommended to monitor cardio-specific troponin on
a daily basis 48-72 hours after intervention and record
ECG. According to the authors, BNP is increased
when it is higher than 92 pg/ml and NT-proBNP —
higher than 300 pg/ml [23].

According to domestic authors [5], in elderly pa-
tients subjected to elective abdominal surgery, preop-
erative blood NT-proBNP content is a better
predictor of cardiac complications than the Lee, Gold-
man, and Detsky indices. The risk of complications is
significantly higher in patients with biomarker level
>750 pg/ml.

BNP and NT-proBNP determination is recom-
mended not only to receive independent information
about the POCC risk but the estimated risk of delayed
cardiac complications as well [21, 22].
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Ta6amua 8. Orinunrensubie ocobennocty BNP u NT-proBNP [63].
Table 8. Specific features of BNP and NT-proBNP [63].
Parameters Biomarker
BNP NT-proBNP
Half-life, min. 20 120
Elimination pathway combined,
mostly enzyme-dependent renal
Renal function influence + +++
Age influence + +++
Upper limit for hospitals, pg/ml 100 300—450

IIpumeuanue. Parameters — nokasaresu; biomarker — 6uomapkep; half-life, min — nepuosa nosysxkusnu, mun; elimination pathway —
1y Th BeiBeienust; renal function — dymnkuns nouek; influence — Bausinue; age — Bospact; upper limit for hospitals — Bepxustst rpanuia
HOPMBI /ISt cTainoHapos; combined — komOuHMpoBanHbiil; mostly enzyme-dependent — npenmyiecTBeHHO (hepMEHT-3aBUCHMBbIIT;

renal — 1oyeyHblil.

cTaBJIeHUsT 0 (PUBUOJIOTHH U GHOXUMUY CEKPETUPYe-
Mbix cep/rieM HY T B-tuna, apisronnxcst KOMITOHEH-
TaMU CJIO’KHOM HEHPOIHIIOKPUHHON CUCTEMBI, OIIHCa-
HBl B JIOCTATOYHOH cTemeHu mozxpobHo [63, 64].
Nnentudunmupoansr HYTI pazmmunsix tunos (A, B,
C, ypomunatun). [Tomumo BIugHUS Ha aKTUBHOCTh
CUMIIATO-aIPEHAIOBON  CUCTEMBI, BOJHO-COJIEBOI
06MeH, 06bEeM IUPKYTUPYIONIEH KPOBU U COCYANCTHI
TOHYC, YTHETAIONIETOB BIMIHUS HA CUCTEMY PEHUH-
aHrnoTensuH-anbaoctepod, HYII pasnuunpix THos
peryaupyioT nposudepaTuBHble MPOIECChl, AKTHBU-
PYIOT JINTIOJIN3, OKUCJIEHIE HeaCTePUPUITUPOBAHHBIX
JKUPHBIX KUCJIOT, MUTOXOH/IPUAJILHBIN O1OTeHes, aKTH-
BUPYIOT BbIJIeJIEHIE QTUTIOHEKTUHA U YMEHBIIIAIOT CeK-
peluio JIeNTUHA, YBeJUYeHUe III0K030-TUMYIUpye-
MYIO CEKPEIMIO WHCYJIMHA, BBI3BIBAIOT paccabierue
TJIAJIKON MYCKYJIATyPbl KMIIIEYHUKA, YYACTBYIOT B ITPO-
Ieccax BocHaJieHusT U KaHieporenesa [63, 65, 66].
HYII nmeror crierndpuaeckuii perenTopHbIi anmapar,
a X hepMEeHT-3aBUCUMOE PaCIIeNIeHUue OCYIeCTB-
JigeTcs ¢ ToOMOIIbio hepMeHTa HeHTPaTbHON SHIOTIET -
THU/a3bl (HEMTPUITU3NH ).

HYII B-tuna uin «<Mo3rosoii» (brain natriuretic
peptide — BNP) akTHBHO CEKPETHPYETCSA MHOKAPLAOM
skemynoukoB. [Toctymrenne BNP B kpoBb 910 — ayTo-
peryiaTopHasi peakius cepina, obecrednBaioniast
aJIaNTaInio K Ieperpyske 00beMOM U JIPYTUM CTpec-
COPHBIM BO3/IEHCTBUAM, CHOCOOHBIM TPUBECTH K
MOBBINIEHNIO HATPY3KU HA KapAMOMUOIMTBI M UX
nepepactskeHnio. B mporecce cekperun BNP B
KPOBb OT MOJIEKYJIBI TOPMOHATBHOTO TIPEIECTBEHH Y-
ka proBNP nox neiictBuem crierupuaeckoro hepmen-
Ta KOPMHA OTHEJIeTCs TOJUNENTHIHAS MOJEKYJIa
HEaKTUBHOTO BelecTBa N-TEPMUHAJIBHOTO OTpe3Ka
proBNP (NT-proBNP). BNP u NT-proBNP gasusior-
cs1 GHoMapKepaMu, KOTOPbIE MOTYT UCTIOJb30BATHCS B
JaboPaTOPHON JANATHOCTHKE PA3IMUYHBIX 3a60JeBa-
HUA, HO, TIpeskie Beero, y 6oababix XCH [63, 64]. [Tpu
WHTEPTIPETAINH PE3YJIBTATOB HCCACTOBAHSI OrOMap-
KEPOB CJICYET YUUTBIBATH 0COOEHHOCTH UX (PU3HOJIO-
ruu u natodusnoaoruu (tad. 8).

B reyenne cambIx nocaeiHUX 2—3 JIeT OTYETIIN-
BO U3MEHUJIOCh OTHOIIEHUE KIUHUIIUCTOB K AUArHO-
crudeckoii rennoctu HYII B-tuma, B Tom uncie B
OUITNATBHBIX MEXK/ITYHAPOIHBIX PEKOMEH/IAIUSIX 10
nuarnoctuke u jedenuio XCH. B amepukanckux

Clinical significance of predicting the risk of
cardiac complications. Evaluation of patient’s func-
tional reserve, the risk of forthcoming surgey, and car-
diologic risk factors is necessary for implementation
of an adequate tactics of preoperative examination and
preparation (the risk reducing strategy). These algo-
rithms are detailed in respective recommendations
[13,21-23, 25, 26, 53]. It is critically important that
during planning a high-risk operative intervention, for
example, vascular, in a patient with low reserves (<4
MET), the decision about the operation feasibility de-
pends on existence of cardiac risk factors. When the
number of risk factors (an equivalent of the Lee index)
is < 2, no additional examination is required, preoper-
ative statins and f-adregenic blocking agents are in-
dicated and in case of LV dysfunction — angiotensin
transforming enzyme (ATE) inhibitors [13]. When >3
risk factors are present, an additional examination is
indicated including stress tests, and when signs of a
severe ischemia are detected — individual preparation
including, if necessary, myocardial revasculization. Im-
plementation, in the domestic healthcare practice, of
the strategy aimed at reduction of the POCC risk with
coronary artery stending based on indications assures
significant decrease both of prevalence of severe cardi-
cac complications and mortality due to them [69].

Another provision important for rational treat-
ment management is the necessity to do echocardiog-
raphy in any patient with a suspected or earlier
diagnosed cardiac valve defect [54]. The examination
is required to assess severity of intracardiac hemody-
namics disturbance and address disease correction ex-
pediency.

Conclusion

The problem of POCC in noncardiac surgery is
one of topical comlex issues of contemporary medi-
cine. At present, NOMD is regarded as a separate
variant of cardiac muscle pathology. According to ex-
tensive studies, in adult patients about 40% of mor-
tality during noncardiac operative interventions are
caused by various myocardial injuries and/or CH.
The problem under discussion is especially relevant
in medical care of the elderly population. An impor-
tant component of management ensuring reduction
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PEKOMEeH/IAIUAX 110 JuarHoctuke u jedennio XCH
2013 r. mpocJIeKnBaIOCh JIOCTATOYHO OCTOPOKHOE
OTHOIIIEHUE K OIleHKE AMArHOCTUYECKON 1IeHHOCTU
HVYII B-tuna [42]. CxoatbiM 06pa3oM, B €BpoIIeii-
CKUX PeKoMeHaIusax no ucnoabzoBanuio HYII B-
THTIA B HEOTJIOKHOM Kapaunosorun 2012 1. ormevaet-
¢4, YTO, XOTsI HTU OBHOMAPKEPHI MOTYT OBITh TI0JIE3HbI
B uarnoctuke XCH u ctparudukanum pucka y roc-
MUTATU3UPOBAHHBIX GOJIBHBIX, OHU HE UMEIOT CyIIie-
CTBEHHBIX IIPEUMYIIECTB TIEPE APYrUMu GuoMapke-
pamu, a uX crHenu@UYHOCTb HYXKAaeTcsd B
JaTbHEHNX nccaenoBanusx [65]. CooTBeTcTBEHHO,
B €BPOIICHCKUX PEKOMEH/IAIUAX 110 CHMKEHUIO PUCKA
KapAMJIbHBIX OCJIOKHEHUH B HEKapAMAJIBLHOM XUPYP-
rumn 2014 1. ykazano, uto BNP u NT-proBNP moryr
MCIIOJIb30BATHCS JIJIS1 TTOJIYYEHUST HE3aBUCUMOI TIPO-
THOCTUYECKON MH(OpMalu 0 pucke Iepuornepa-
[IMOHHBIX U OTHAJEHHBIX OCJHOKHEHUI ¥ GOJbHBIX
BBICOKOTO PUCKA, OTHAKO PYTUHHOE UX MCI0JIb30Ba-
Hue He pekoMeHoBano [13].

B 2015 1. 6bL71 OIIy6IMKOBAH CUCTEMATUIECKUI
0630p U MeTa-aHaJIu3, MOCBAIIECHHBINA AUATHOCTHYE-
ckoii ierHoctu orenku HYTI npu OCH u XCH [67].
ABTOPBI yKa3ajdu Ha BBLICOKYIO [MAarHOCTHYECKYIO
[eHHOCTh OroMapKepoB. [0 uepKHyIM, YTO HU3KHUIT
ypoBenb HYII ¢ BbicOKOII 4YyBCTBUTEJIBHOCTHIO
nckmouaer XCH. B eBporrelickux pekoMeHausIx mo
nuarnoctuke u jgedennio XCH 2016 r. HYII B-tumna
yaesieHo 6oJibliiee BHUMaHue. YpOBEHb aTHX GroMap-
KEpoB TIPUBJICH B KayecTBE OJHOIO U3 OCHOBHBIX
nuarnoctuyeckux kpurepues s XCH co cHmsken-
Hoit n HopmassHoit @UJIK. Kourpossr BNP nin
NT-proBNP pexomenioBan B pa3jiMuHbIX KJIUHUYE-
CKMX CUTYyaIUSAX, IIPU OJBIIIKE HEICHON aTHOJIOTHH,
OCTPOI eKOMIIeHcauu KpoBooOpamnienus u ap. [43].
B ucnanckux pekoMeHaluax 1o CHIKEHHUIO PUCKa
KapAuaIbHbIX ocaokHennii y 6ombabix XCH (20151.)
onenka HYII pekomenzioBana /st moJiydyeHus: He3a-
BUCUMOM JMArHoCTU4YecKoil mH(opMalnm o pucke
MEePUOTIEPAIIMOHHBIX U OTCPOYEHHDIX KapANaIbHbIX
0CJIOKHEeHUH y GOIbHBIX BBICOKOTO pucka [21]. Bosee
TOTO, aBTOPBI PEKOMEH/IOBAJIM aJITOPUTM BBIABJICHUS
XCH, 6asupyiouumiics Ha onpegenreHun yposHs BNP
n NT-proBNP u nipegycMaTpuBaioniuii oo6sizaTesib-
HOE BBITIOJIHHEHUE HX0Kapanorpaduyeckoro obeie-
JoBaHus y OOJIbHBIX ¢ copepskanrieM BNP B kpoBu
Boitie 100 nir/ma wi NT-proBNP Bwime 300 tir/ma.
Taxske ykazano, uyto BepositHocth XCH cocrasisier
95% npu yposae BNP>400 nir/ma u/wiu NT-proB-
NP>1800 rir/mur.

Haxowneri, B aMepruKaHCKUX PEKOMEHIAIUSX 10
XCH 2017 r. HYII B-tuna yaeaunim MakcuMajJbHOe
BHUMaHue. B cooTBeTCTBUM ¢ HOBEHITUMHU JIaHHDI-
MU, Cc/leJIaH Pl BaXKHBIX JOTOJHEHNH 110 ANarHo-
CTUYECKOMY M CKPUHUHOTOBOMY MCIOJIb30BAHUIO
BNP u NT-proBNP [68]. B wacTtHOCTH, BliepBbie
ykaszano, uto ckpuHuHr HYII B couetanuu ¢ panuu-
MU JiedeOHBIMEI MepaMK CTIOCOGHBI TPy IPEsKAATH
passutue XCH.

of the risk of cardiac complications (the risk reducing
strategy) is improved methods of preoperative exam-
ination and POCC risk assessment both using general
clinical techniques and determination of up-to-date
biomarkers. Reduction into practice of these diagnos-
tic maneuvers will allow a more reliable prediction of
the risk of different operative interventions in high
cardiac risk patients, which is necessary for imple-
mentation of adequate anesthesiological-resuscitation
treatment measures.

Takum 06pa3oM, MpPUMEHEHHE MOHUTOPHWIA
HVYII pansg nporunosdupoBanus pucKa KapuajibHbIX
OCJIOJKHEHWI, B YacTHOCTH Ttepuoriepaiuonnoit CH,
IPEJICTABIIAETCS YPE3BBIUYANHO IEPCIEKTUBHBIM U, 110
MHEHUIO Ps/Ia UCCJIeIoBATENel, 3aC/IyKUBAET IITUPO-
KOTO BHEJIDEHUS B KIMHUYECKYIO TPAKTHUKY, TIPU 9TOM
HOSIBUJIMCH BIIOJIHE KOHKPETHBIE PEKOMEH/IATTH.

Kananckune wamnunmcrsl [23] pekoMEHAYIOT
onpeziesienne BNP wiu NT-proBNP nepen nexapau-
AJIbHOIT XUPYyprueil y 6osbHbIX 65 JIeT U cTapiiie, y 6oJb-
HBIX B Bo3pacTe 45-64 rojia ¢ COIyTCTBYIOMUMU Cep/iey-
HO-COCY/IUCTBIME 3a00JIEBAHUSIMEI UJIM UMEIOTIMHU
sravenust [IMKP>1. Y 6oJibHBIX C TOBBIIIEHHBIM ITPE/I-
ortepariioHHbIM ypoBHeM BNP msin NT-proBNP peko-
MEH/YIOT Yepe3 48-72 yaca 1ocJie 11ocJie BMEIIaTeJbCTB
€’KeIHEBHO KOHTPOJUPOBATH KaPAMOCTIEIIMPUUECKITIT
TPOIOHKH 1 06s13aTeibHO peructpuposath IKI. ABro-
PbI CYMTAIOT MOBBIIIEHHBIMU 3HaueHnss BNP Boiie
92 nr/mut, a NT-proBNP — Bowime 300 nir/ma [23].

[To gaHHBIM OTEYECTBEHHBIX aBTOPOB [ 5], y 60J1b-
HBIX CTapIieil BO3PACTHON TPYIIIbI, KOTOPBHIM BBITIOJ-
HSIIOT TIJIAHOBBIE TI0JIOCTHBIE OTIePAIlH, [Tpefolepa-
nnonHoe coziepxkanue NT-proBNP B kpoBu siBiisieTcst
JIYYIIAM TIPEJIUKTOPOM KapAUaTbHBIX OCIOKHEHUI,
yem uHgekchl Lee, Goldman u Detsky. Haubosee
3HAYNMO PUCK OCJTOKHEHUIT TTOBBINIEH Y GONBHBIX C
ypoBHeM Oromapkepa >750 1ir/MJL.

Onpenenenvie BNP u NT-proBNP pekomen-
OYIOT HE TOJBKO JJis IOJyYeHUsI He3aBUCUMOI
nudopmanuu o pucke [IOKO, Ho u onenke pucka
OT/IaJIEHHBIX KapAMaIbHBIX OCJ0KHenuit [21, 22].

Kiunuyeckasi 3Ha4MMOCTh POTHO3UPOBAHUS
PHCKa KapauaJdbHbIX ociokHeHuil. Oienka QpyHK-
[IMOHAJBHBIX PE3E€PBOB OOJBHOTO, CTEMNEHU PHUCKA
IPEJICTOsIIIel oreparuy u akTOPOB KapAUOJIOTHYe-
CKOTO PHCKa HEOOXOAUMBI JIJIsI PEATU3aIUn a/[eKBaT-
HOU TaKTUKU MPEAONEPAIIMOHHOTO 00CAe/IOBAHMS 1
MOATOTOBKU (PUCK-CHUIKAIOIIAS CTpaTerus). IJTU
AJITOPUTMBI JIETAJIbHO OMUCAHBI B COOTBETCTBYIOIINX
pekomenpanusx |13, 21-23, 25, 26, 53]. [IpuHnumnu-
AJIBHO BAYKHO, YTO MIPU TJIAHUPOBAHUU OIIEPATHBHOTO
BMEIIIATEICTBA BBICOKOTO PUCKA, HAIIPUMED COCYIH-
croro, y 60JbHOTO ¢ HU3KuMu pesepsamu (<4 MET)
pelieHre 0 BO3MOXKHOCTU BBIIIOJIHUTE OIEPAIUI0
3aBUCHUT OT HAJINYM (DAKTOPOB KaPAMOJIOrMYECKOrO
pucka. [Ipu kommuectBe hakTOpoB prcka (9KBUBA-
JieHT unjekca Lee) <2 ponoaHuTesbHOe 00CIen0Ba-
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HUe He Tpebyercsi, MOKa3aHO MPeoNepauoHHOe
HasHAueHUe CTATUHOB U B-aipeHOBIOKATOPOB, a TPH
mucyskinn JIPK — mHrnOUTOpOB aHTHOTEH3UH-TIPe-
spamtaorero ¢pepmenra (AIID) [13]. [Ipu Hamuynm
>3 (aKTOpOB pHUCKAa TOKA3aHO [OTOJHUTEIbHOE
obcJiejoBaHNe, BKJIHOYAst HArPY30UHbIE TECTHI, a TIPU
BBISIBJIEHUY TTPU3HAKOB TSKEION UIIEMUT WHAWBHULY -
aJIbHAsT TIOATOTOBKA, BKJIFOYAS TP HEOOXOAMMOCTHU
peBacKyJISIpU3aIfio MUoOKap/a. Peaqusamus B pak-
TUKE OTEYECTBEHHOTO 3/[PABOOXPAHEHNUS CTPATETHH,
HarpaBJsieHHOI Ha cHukeHne prucka [IOKO c Boimos-
HEHUEM I10 TIOKa3aHUSIM CTEHTUPOBAHWST KODOHAPHBIX
apTepuii obecreunBaeT CynecTBEHHOE CHIKEHUE KaK
YaCTOTBI TSKENBIX KapAUAIbHBIX OCTOKHEHUIA, TaK 1
00y CJI0BJIEHHOI nMu JreTaabHOCTH [69].

Eie oamM, BasKHBIM /IS PAIlMOHAJIBLHOI Opra-
HU3AIUH JTe4eOHOTO TIPOIIecca TOI0KEHUEM SBJISIETCS
HEeO0OXOIMMOCTb BBITIOTHEHUST 9XOKapAHOTrpaduIecKo-
1o 06cse0BaHus Y JIIOOTO OOJIBHOTO € MTO03PEHIEM
WJIN PaHee TUarHOCTUPOBAHHBIM KJIATTAHHBIM TIOPO-
KoM cepana [54]. UccnenoBanre HeOOXOAUMO sk
OIIEHKH TSKECTH HAPYIIEHUST BHY TPHUCEPAECIHOM TeMO-
JIMHAMUKE 1 PEIIeHNsT BOTIPOCa O 1eJ1eco00PasHOCTH
KOppeKIu 3a060JIeBaHNUS.
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3akaoyeHue

[TpoGiema TTIOKO B HeKapanaibHOM XUPYPrun
SIBJISIETCSI OJTHOM 13 aKTYa/IbHBIX KOMITIEKCHBIX TTPOOJIEM
coBpeMeHHOI MeinTinHBL. B Hactosmee Bpemst MITHO
paccMaTpUBAIOT B KAUeCTBE OT/IEIbHOTO BapUAHTA ITaTO-
JIOTMUYECKOTO Tpoliecca B cepiieuyHoi mbiiiie. [1o ran-
HBIM OOIIMPHBIX UCCJEIOBAHUIT Y B3POCIBIX OOTbHBIX
0K0J10 40% JIeTaTIBbHOCTH MPH HEKAPAUAIBHBIX OIlepa-
THUBHBIX BMEIIATEBCTBAX 00YCIOBJICHO Pa3IndHBIMU
BapraHTamu nospeskaennst Mmuokapaa u/miam CH. Oco-
Oy10 aKTyalbHOCTh UMEET paccMaTpruBaeMast mpobiiemMa
MIPY OKA3aHUW MEJIMITMHCKON TIOMOTITN TIOKUITBIM. Bask-
HBIM KOMITOHEHTOM JIe4eOHOU TaKTUKH, 0OeCIIeuBaro-
NIl CHIDKEHWE PHUCKA KapAHaJbHBIX OCJIOKHEHUIA
(«pUCK-CHIZKAIONIAsT» CTPATETUST) SIBJISTIOTCST yCOBEP-
IIEHCTBOBAHHbIE METOMKH ITPEIONEPAIIMOHHOTO 00cIe-
nmoBauns u oreHkn pucka [IOKO kak ¢ momoribio
OOIIEKIMHITYECKIX METONK, TAK M OTIPEIEIEHUS COBPE-
MEHHbBIX GHoMapKepoB. [IpakTiueckas peansariis STHX
JIMATHOCTHYECKHUX MIPUEMOB MO3BOJUT GoJiee HAJIE/KHO
MIPOTHOBMPOBATH PUCK PA3JIUIHBIX ONIEPATUBHBIX BMe-
MIATEJIbCTB Yy GOJIBHBIX BBICOKOTO KapMalbHOIO PUCKA,
4TO HEOOXOAMMO JIJISI Peajn3allui aJIeKBaTHbIX aHeCTe-
3HMOJIOTO-PEaHNMATOJIOTHYECKUX JIeUeGHBIX Mep.
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The Role of Apoptosis in the Pathogenic Mechanism of Critical States (Review)
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Ileab 0630pa — aHAIU3 POJIN ATIONTO3a B ITATOTEHE3€ HEKOTOPBIX KPUTHYECKUX COCTOSHUIA 1 ONMcanue ocobeH-
HOCTell GUOXMMUYECKUX TIPOIIECCOB, BOBJIEUEHHBIX B €ro pazsutue. B crarTbio BriaoueHo 117 mybaukanuii, B Tom
yuciie 76 3a MocJaeIHUE TATh JieT. AHaIu3 00CyKIaeMbiX padoT MOKA3bIBAET, YTO CIOCOOHOCTD YIPABJIATH SHIOTEH-
HBIMU AIONITUYECKUMU TIPOIECCAMU OTKPIBAET BO3MOKHOCTHU st PaspabOTKU MOAXOA0B (PYHKI[MOHAIBHOI Teparun

pazna 3abosieBaHui.

Knroueswte cnosa: anonmos, 2uben KIIemxu, noepeofcaeuue; OUOXUMUUECKUE MEXAHUSMDL

The purpose of the overview is to analyze the role of apoptosis in the pathogenesis of critical illness and discuss
specific features of contributed biochemical processes. The paper reviews 117 publications, 76 of which were pub-
lished during the recent five years. Published data show that the ability to control endogenic apoptotic processes
offers opportunities for the development of functional therapy approaches to various diseases.

Keywords: apoptosis; cell death; damage; biochemical mechanisms
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BBenenune

Arorto3 (0T JPEBHETPEYECKOTO CI0Ba, 0003HA-
YAOIIETO «JIUCTOMA/[» ) MPeCTaBsieT co0oil (hopmy
3amporpaMMUpoOBaHHOl rubesu kiretok [1]. Buoxu-
MHUYECKHE COOBITHS, TIPOUCXOJISIINE TIPU AMOINTO3E,
MPUBOJIAT K XapaKTEPHBIM U3MEHEHUSIM ¥ IO KJle-
TOK. /laHHbIe U3MEHEHUS BKJIOYAIOT CXKaThe S/pa U
ero hparMeHTaIno, a Takke (hparMeHTaIruo XpoMo-
COMHOII J1e30KcupubonyKIenHoBOl KucaoTol (JITHK)
U pacriaji MaTPUYHOU PUOOHYKJIEHHOBOU KUCIOTHI
(MPHK) [2].

Tepmut anortos 6o11 BBesieH B 1972 1. J.ER. Kerr
etal.[3],aB 2002 roxy Obuna npucysxaena HobemeBckast
npemust Bpennepy, P. Topsuity u [I. Cantony 3a paboty
10 U3YYEHUIO TEHETUYECKON PETYJIAINN OPTaHOTCHE3a
U <IIPOrPAMMUPYEMON CMePTH» KJIETOK. B psizte my6im-
KaIlii o[poOHO OMUCAHBI MEXaHU3MbI HHIYKI[UH U
peryzsiiun arontosa [4—14]. OqHako ganHbie O PoOJn

Introduction

Apoptosis (from Classical Greek word meaning
‘leaf fall’) is a form of programmed death of cells [1].
Biochemical events occurring during apoptosis lead to
characteristic changes and death of cells. Such changes
include nucleus compression and fragmentation as
well as fragmentation of chromosomal desoxyribonu-
cleic acid (DNA) and degradation of messenger ri-
bonucleic acid (nRNA) [2].

Term ‘apoptosis’ was introduced in 1972 by J.ER
Kerr et al. [3], and in 2002 the Nobel prize was
awarded jointly to Brenner, R. Horvitz and John Sul-
ston for their investigation of «genetic regulation of
organ development and programmed cell death». A
plenty of papers have described apoptosis induction
and regulation mechanisms in detail [4—14]. However,
data concerning the role of apoptosis during different
critical states have emerged only recently.
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arorTo3a MPH PAa3TMUHBIX KPUTHUIECKUX COCTOSTHUSIX
MOSIBUJICH TOJIBKO B TIOCJIE/IHIE TO/IbI.

Ha coBpemeHHOM 3Tarie pasBUTHS HAYKH alloONTO3
CUNTAETCS] KPUTHUYECKUM (haKTOPOM B OTHOIIECHUN
MOTEHITNATBHBIX KJIETOUHBIX OTBeTOB [15—21], omHako
GoJiee IeTajIbHas KapTUHA BOBJIEYEHHBIX B allONTO3 BHYT-
PHUKJIETOYHBIX ITPOIIECCOB €llle He COBCEM siCHA. bostee
TOTO, MHOTO HETTOHSITHOTO OCTAETCST M B OTHOIIEHHUHN PETy-
JISTOPHBIX MEXaHM3MOB OCHOBHOTO TIPOTIECCA «ITPOTPaM-
MUPYEMOii cMepTH» KJIETOK. [l0Ka3aHo, 4To CiocoOOHOCTh
KJIETKH MOJTYJINPOBATh TIPOTIECCHI, IPUBOJISIIINE K SKU3HI
WJTA CMEPTH NMEET OTPOMHBIH TepaieBTHIECKUH TIOTEH-
nman [22, 23]. B nocrenmme rojibl MosiBUJIACh BO3MOJK-
HOCTB OIIPEEJIATH Pa3HOOOpasHble ChIBOPOTOUHBIE Map-
Kepbl arontosa [24—26]. B nacrosiiee Bpems usyuenue
aronTo3a, 0COGEHHO IIPU KPUTHYECKUX COCTOSHMSIX,
(hokycupyeTcst Ha BbISICHEHUHN 1 aHATTM3€ MOJIEKYJISIPHBIX
MEXaHU3MOB 1 CUTHAJIBHBIX TTyTeH, KOTOPBIE KOHTPOJIH-
PYIOT OCTAaHOBKY KJIETOUHOTO IHKJA W MOCTEAYIONHe
HPOIIECCHI, IPUBOJISAIIIE K TMOEIN KIIETKH.

OcHoBHbBIE 3TanbI aOITO3a

Aronto3 wiu 3anporpaMMupoBaHHast THOEND
KJETOK — 9TO Ba)KHbIA OMOJOIMYECKHIl IIPOLecE,
KOTOPBII IIOMOTAET OPraHu3My U30aBUTHCST OT MTOTEH-
IUATTBHO OMACHBIX KJIeTOK. Kora kieTka mojBepraet-
cs anorrrody, ee JIHK pacuienisiercst na hparmeHTbl
1pu momolu «anormnros-crenuduueckoin JIHK-anm0-
HykJieasbly», uzBectnoit kak CAD /IHKa3za (caspase-
activated DNAase) [27]. B kome4HoM HTOre KIeTKa
pacnazaercd Ha Mejkue (parMeHTbl, KOTOPble B
nocJeayomeM Gy/yT MOTJIONEHbI 3/I0POBBIMU KJIET-
KaMu OJIKaiiero OKpyskeHust (apeHXnMaTO3HbIMU
kierkamMu miau Makpodaramu). IlIporece rubenu
COTIPOBOJK/IAeTCS KOHJleHcaluell u hparMeHTalueit
XpoMaThHa B pesyJibraTe 00pa3oBaHust GEIKOBBIX
KOMIIJIEKCOB, KOTOPbIE CBA3BIBAIOT JIMTAH/IBI AIIOTITO32
C UX pelenTopaMiu. YKazaHHble KOMIIJIEKChI TeHepH-
PYIOT U aKTUBUPYIOT MHUIIUUPYIOIINE KACTIa3bl, KOTO-
pble 3aTeM 3aITyCKAIOT U pacIlelisgsioT ahGeKTopHbIe
KacIasbl, HalleJeHHble HA KOHKPETHbIE KJIETOYHBIE
cyberparsl g mporeosmsa  [28—34]. Kacmass
ABJISIOTCS KJIOYEeBbIMU (hepMEHTAMU, YYaCTBYIONIMMU
B aIlOIITO3€, M OCTAIOTCH KATATUTHYECKN aKTUBHBIMU
TOJIBKO B TIpoliecce aronrto3a. IIpu aTom kacraspl
HAIPAMYIO HHTHOUPYIOTCS criennpudeckumu Geska-
Mu-uHrubuTopamu anonrtosa — Inhibitors of apopto-
sis proteins (IAP) [35—39]. HeaktusHbie (hopMbI yKa-
3aHHBIX IPOTea3 Ha3bIBAIOTCA  IIPOKACIIa3aMHu,
KOTOpbIe aKTUBUPYIOTCS JPYTUMHU KacllazaMu ITyTeM
OTPAHUYEHHOTO TIPOTEOJUTUYECKOTO paCIlerieHns.
AKTHBHBIE KacIasbl CIIOCOOHBI PACIIEILIATH GEI0K-
unruburop JHKasbl, TeM caMbIM BbI3bIBas aKTUBHBIIA
rugposns JJTHK u nocienyionryio rubesb KJIeToK.

CurnaJipl BbI30Ba alloNnTo3a

Cy1iecTByeT /1Ba TUIIA CUTHAJIOB, KOTOPBIC MOTYT
BBI3BIBATD AIIONTO3: «CUTHAJIBI CMEPTU» 1 BJIUMUHAIIS

At the present stage of science development,
apoptosis is considered a critical factor in respect to
potential cell responses [15—21], though a more de-
tailed picture of intracellular processes involved in
apoptosis still remains not quite clear. Moreover, there
is yet a lot to understand regarding regulatory mech-
anisms of the main process of ‘programmed death’ of
cells. It has been proven that the cell ability to mod-
ulate processes leading to the life or death possesses
strong therapeutic potential [22, 23]. In recent years,
it has become possible to identify various serum mark-
ers of apoptosis [24-26]. Investigation of cell apopto-
sis, especially in critical illness, currently focuses on
finding out and analyzing the molecular mechanisms
and signal pathways that control the cell cycle and
subsequent processes leading to cell death.

Main Stages of Apoptosis

Apoptosis, or programmed cell death, is a biolog-
ical process that helps the body to get rid of poten-
tially dangerous cells. When cell undergoes apoptosis,
its DNA breaks down into fragments with the help of
‘apoptosis-specific DNA-endonuclease’ known as
CAD DNAase (caspase-activated DNAase) [27]. In
the end, the cell breaks down into subcellular frag-
ments, which will be later absorbed by immediately
surrounding healthy cells (parenchyma cells or
macrophages). The process of death is accompanied by
condensation and fragmentation of chromatin as a re-
sult of formation of protein complexes binding apop-
tosis ligands with their receptors. The said complexes
generate and activate initiating caspases that there-
after start and break down effector caspases targeted
to specific cell substrates for proteolysis [28—34]. Cas-
pases are essential enzymes involved in apoptosis that
remain catalytically active only in the course of apop-
tosis. At that, caspases are directly inhibited by spe-
cific proteins — apoptosis inhibitors: inhibitors of
apoptosis proteins (IAP) [35-39]. Inactive forms of
the said proteases are called procaspases, which are ac-
tivated by other caspases through limited proteolytic
degradation. Active caspases are capable of breaking
down DNAase inhibitor protein, thus inducing inten-
sive DNA hydrolysis and subsequent cell death.

Signals Causing Apoptosis

There are two types of signals that can induce
apoptosis: ‘death signals’ and elimination of survival
factors in cells [40]. In case of apoptosis induction via
activation of ‘death signals’, cells express CD95 or
other similar proteins referred to as ‘death signals’ on
the surface, which would activate procaspases later
and finally initiate apoptosis. In case of induction of
apoptosis related to survival factors, mitochondria
play an important role [41, 42]. Proteins called anti-
apoptotic are found on the outer membrane of mito-
chondria. The function of these proteins is to prevent
apoptosis development in cells exposed to survival
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B KJeTKax (pakTopoB BbrkuBanus [40]. [Ipu wapykium
aTIoNTO3a, MMOCPEJICTBOM «CUTHAJIOB CMEPTU», KJIETKA
GyzieT HaKarIMBaTh Ha cBoeii mosepxuoct CDIS5 wiru
ApyTHE NOA06HbIE GETKH, KOTOPBIE HA3BIBAIOTCST «CUT-
HAJIAMU CMEPTH», YTO BIOCJEJACTBIU Oy/eT MPUBJIE-
KaTh IMPOKACIIA3bI K TIOBEPXHOCTU KJIETKU, UX aKTUBA-
W10, YTO B UTOTe MPUBENET K MHUIIMAIINU ATIONTO3a.
[Tpu wHAYKIMK amo1nTO3a, CBI3AHHOTO ¢ (haKkTopaMu
BBIKUBAHUSI, BA)KHAST POJIb OTBOJAUTCS MUTOXOHIPUSIM
[41, 42]. Besku, HazbIBaeMble aHTUATIONTOTHYECKUMU,
HAXO/ATCA Ha BHeENIHeH MeMOpaHe MUTOXOHIPHIA.
DyHKIMS 9TUX OETKOB 3aKII0YACTCS B IPEOTBpaliie-
HUW PA3BUTHUSI ATIONTO3a B KJIETKAX, TIOBEPTAIOIIUXCST
BO3JlelicTBUIO (hakTOPOB BbIKMBaHus [43]. Jpyrue
GeJIKH, HAXOJIAIIMECS] B PABHOBECUY C aHTHATIOTI TOTH-
yecknMu GesIkaMu U ClIOCOGHbBIE aKTHBUPOBATH ATIOTN-
TO3, Ha3bIBAIOT TTpoarontorndecknumu [44]. Korza ak-
TOPBI BBIKUBAHWS BBIBOJATCS U3 KJIETKHU, HTOT GalaHC
HAPYIIAETCsI, BCJECTBIE Yer0 PABHOBECHE CMEIITAETCST
B CTOPOHY CUHTE32 ¥ HAKOILTIEHS TIPOATIONITOTUYECKIX
6enkoB. B pesysbraTe yBelIMUNBAETCS BEPOATHOCTD
TOTO0, UTO TAKasl KJIETKA TIOIBEPTHETCS AMIONTO3Y.

HerO3 H alloIITO3

Boigengior, mo-kpaiineii Mepe, iBa OCHOBHBIX
Tuna TuOen 3yKapUOTUIECKUX KIETOK — HEKPO3 U
aronTo3 [45], CyIecTBEHHO OTJINYAIONTUXCST MOPGhO-
JIOTUYECKU U OUOXMMUYECKL.

Cunraercs, 4TO HEKPO3 SABJISETCS OTBETOM KJIET-
KU Ha BHEIIHWE BO3/IeHCTBUS: TUIIOKCHIO, TUIIOTEP-
MUIO, TOKCUHBI, BUPYCHI, T.€. BO3/IeHICTBUS, KOTOpbIE
PE3KO MEHAIOT HOPMaJIbHbIe (hU3U0JIOTHYECKHE YCIIO-
BUST JKU3He/leITeIbHOCTU KieToK [4]. Hexpos mpuso-
JIUT K TIOSBJIEHUIO TOOOUYHBIX TIPOAYKTOB, 06pasyio-
HIMXCS TPU TPABME, UM TOKCUHOB, 4TO BIIOCJIEACTBUN
MOJKET BBI3BAaTh Bocmajienue. [ubesb KIeTok mocpes-
CTBOM HEKPO3a BpeJlHa JIJI OPraHu3Ma, XOTsI MHOTHE
MPOJIYKTBI HEKPO3a BHICBOOOIKIAIOIIIECS] B KDOBSIHOE
pyCJIO, U3BECTHBI KaK CUTHAJbI, UWH(MOPMUPYIONIIE
KJIETKH OpraHusMa 00 OMacHOCTHU, TOT/IA KaK aloITo3
SABJISETCS BAKHBIM JIJIF JKM3HU OPTaHU3Ma [TPOIECCOM,
IIPU KOTOPOM KJIETOYHAS CMEPTb HEe OCTaBJISeT 32
€000ii T060YHBIX IIPOLYKTOB I KAKUX-JIHO0 APYIHUX
TOKCUYHBIX METAO0JIUTOR.

ATIO1ITO3 MOKHO TIPEJCTaBUTD, KaK aKTUBHBII
CYUILIUIHBIN TTpollecc, HaIIpaBJIeHHbIN Ha IIPeIoTBpa-
nenne /IHK-3aBUCHMBIX CUHTETMYECKUX PeEAKIIUI
aMOpuo- u Mmopdorenesa [5].

XapakrepHoil 0COOEHHOCTHIO AIlOIITO3a SBJISET-
¢ KoJIamc gapa. XPpOMAaTHH, KOTOPBIA OOBIYHO
COCTOUT U3 CMETTAHHBIX OTKPBITBIX U KOHJIEHCUPOBAH-
HbIX 00J1acTeil (rerepoXpoMaTH 1 9yXPOMATHH ), CTa-
HOBUTCA CYIEPKOH/IEHCUPOBAHHDBIM, IIPE/ICTaBJILA
€060l IOIyMecsLbl BOKPYI SAEPHOH 0OOJIOUKM.
CTpyKTYypPHBIM KOPPEJISITOM allolTo3a sBJisieTcst hpar-
menranus [IHK [37, 46]. Ira nerpagaiust CTpyKTypbl
XpOMaTHHA OTPa)kaeT AeHCTBUE IHAOHYKJEa3bl Ha
Mesxknykiaeocomuble yuyactku JITHK, memocrarouno

molecules [43]. Other proteins, which are in equilib-
rium with antiapoptotic proteins and capable of acti-
vating apoptosis, are called proapoptotic [44]. When
survival factors are eliminated from the cell, this bal-
ance is upset, in consequence of which equilibrium
shifts towards synthesis and accumulation of proapop-
totic proteins. As a result, the probability that such
cell will undergo apoptosis rises.

Necrosis and Apoptosis

At least two main types of cell death are distin-
guished: necrosis and apoptosis [45], which are essen-
tially different in terms of morphology and biochemistry.

Necrosis is considered a cell response to external
effects: hypoxia, hypothermia, toxins, viruses, i.e. ef-
fects that change drastically the normal physiological
conditions of cell activity [4]. Necrosis leads to emer-
gence of by-products formed during a trauma, or tox-
ins, which might cause inflammation. Cell death by
necrosis is harmful for the body, though many necrosis
products released into blood stream are known as sig-
nals informing cells of the body about a danger, while
apoptosis is a process important for the body life when
cell death does not leave behind any toxic by-products
including toxic metabolites.

Apoptosis can be imagined as an active suicidal
process aimed at prevention of DNA-dependent em-
bryo- and morphogenesis synthesis reaction [5].

Nucleus collapse is a characteristic feature of
apoptosis. Chromatin, which usually consists of mixed
open and condensed areas (heterochromatin and eu-
chromatin), becomes supercondensed, looking like
crescents around the nuclear envelope. The structural
correlate of apoptosis is DNA fragmentation [37, 46].
This degradation of the chromatin structure reflects
the action of endonuclease on internucleosomal DNA
regions insufficiently protected by histones. This en-
donuclease has not yet been identified in spite of the
fact that caspase-activated-DNAase has been attract-
ing much attention of scientists [27].

It is known that the cell can repair a limited quan-
tity of simultaneous double-stranded breakes in DNA
and that during apoptosis DNA is damaged extensively
(up to 300 000 DNA brakes per chromosome) [47].

Microscopy visualization reveals that during
apoptosis the nucleus is destroyed and express struc-
tural features reminding bead-like structures. Their
volume occupies one third of the nucleus volume ap-
proximately. The membrane remains intact, though
membrane phospholipids are redistributed [7].

From the very beginning of apoptosis process,
cells get heavily compressed losing about a third of
their volume within a few minutes [11]. The mecha-
nism of cell compaction remains unclear; however, it
should include redistribution of ion and water, proba-
bly, due to atypical activation of ion channels related
to plasma membrane [15]. This ‘shrinkage’ is well seen
in the cell culture and in in vivo. It has been shown
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3alruieHHbie TucToHaMu. /lannast aH7I0HYKIeasa ere
He IeHTU(GUIIIPOBAHA, HECMOTPSI HA TO, YTO Kacma-
saktuBupyemasi-/| HKasza B mocsiennee Bpems rpusJie-
KaeT 3HaUNTeJIbHOE BHUMaHUe yueHbIx [27].

V3BecTHO, UTO KJIETKA MOKET BOCCTAHABJIUBAThH
OrpaHIYEHHOE KOJIMYEeCTBO OJIHOBPEMEHHBIX JBYXIlE-
noueunbix pa3peiBoB B /JIHK, a nmpu anonrose npo-
ucxozaut obmupuoe nospexaerne JHK (go 300000
Pa3pbIBOB Ha XpoMocomy) [47].

[Tog MUKPOCKOTIOM ITPH IO TO3€ BU3YATU3UPY-
eTcs sI/IpO, KOTOPOE Pa3pyIIUJIOCh M HATIOMUHAET
IJIOTHBIE OYCUHOIOLOOHBIE CTPYKTYPhL. VX 00beM
3aHUMAET MPUMEPHO TpeTh oObeMa sijipa. [Ipu atom
MeMOpaHa 0CTaeTcst HETPOHYTOH, oiHaKo ee hocdo-
JIUTIA/IBI TIepepacipeetsiorcs [7].

B nauaste arionTosa KJIeTKU CUJIbHO CXRIMAIOTCS,
Tepsist OKOJIO TpeTH 00beMa 32 HECKOIbKO MUHyT [11].
MexaHW3M YIJIOTHEHUST KJIETOK OCTAETCST HEU3BECT-
HBIM, OJIHAKO OH /I0JIXKEH BKJIIOUATh Ilepepacipeieie-
HI€ WMOHOB, a TaKyke BOJbI, BO3MOKHO, GJaarogapst
HEeOOBIYHON aKTHBAIMN MOHHBIX KAHAJIOB, CBSI3aHHBIX
¢ mIasMaruyeckoii memOpanoii [15]. dra «ycanka»
XOPOIIIO BUJHA B KYJIBTYPE KJIETOK, a TAKXKe in vivo.
[Toxazano, uToO B Ipollecce «yCaAKU» ITPOUCXOJIST
3HAUYMUTeJIbHble WM3MEHEeHUs B LHUTOCKesaere [6].
PesybraToM aTOr0 SABJISIETCS CBOEOOPA3ZHOE SHEPTIY-
HO <KUIISATIEee» eHCTBIE MIa3MaTUYeCKONH MeMOPAHBI.
BesenietBuie aToro anonroruyeckast KieTka 0ObIYHO
Pa3pbIBaeTCs HA OT/EIbHBIE ANIONITOTUYECKUE TEJIbIIA,
HEKOTOPbIE M3 HUX COfIepKaT XpomatuH. HeussecTHo,
KakuM 00Pa3oM aTH M3MEHEHUsI TIPUBOAT K THOEIIH
KJIeToK. VI3BecTHO, 4YTO B Hayaje arorTo3a, KOoria
KJIETKA ellle JKU3HEeCTI0CoOHa, OHA PACTIO3HAETCS IPY-
roit kjieTkoil u daronutupyercst, norubdasi BHyTpu
baronura [45]. [Toatomy, ipearionaraemasi 1eJb BCexX
HTUX U3MEHEHUH MOJKET 3aKJII0YaThCsl B TOM, YTOObI
KJIETKA BO-BPeMsl IOIJIOIIAJNACh IPYroil KJETKOI,
IpesK/Ie YeM y Hee MOsSBUTCS BO3MOKHOCTD BBICBOOO-
IUTb CBOU TOKCUYECKUE JIJIsST KII€TOUHOTO OKPYIKEHUSI
IPOIYKTBHI U BBI3BATH BOCITAJIEHIE.

ATII0TITO3 TaK)Ke CONPOBOK/IAETCS U3MEHEHUSIMU
M1a3MaTHYeCKOi MeMOpaHbl, HanboJIee OYEBUIHBIM
U3 KOTOPBIX SIBJISIETCSl HAKOILUIEHWE HA BHEITHeil
MOBEPXHOCTH MeMOPaHBI MOJIEKY.I hocaTuauicepu-
na (PS) [48]. @aronuTapuble KJIETKH, UMEIOIIIE
pettenitopsl k PS, pacriosHaior, cBSI3bIBAIOT U MOTJIO-
IIAIOT €II[e KUBbIE KJIETKI, HAXO/SIIUECS B COCTOSTHIH
anonrosa [49]. Takum o6pasoM, amonToTHYecKast
KJIETKA HE HMeeT BO3MOKHOCTH JIM3UPOBATHCS U
BBICBOOOK/IATH BO BHEKJIETOYHOE IIPOCTPAHCTBO MOJIE-
KyJIbI, BbI3bIBalOIIME Bocnasenue. Kpome toro, mak-
podar, KOTOpbIil pacro3HaeT KJIETKY KaK alonTuye-
CKyIO, He aKTHBUDYETCsd, IMO0ITOMY VyaJeHue
ATIOTITOTUYECKUX KJIETOK SBJII€TCS (PU3UOJIOTUIECKIM
U He3aMeTHBIM IpolileccoM. IIpaBuiibHoe yzaaneHue
ATONITOTUYECKUX KJIETOK HACTOJIBKO BAa’KHO, UTO B
JIOTIOJIHEHUE K CUCTEME PEIeNITOPOB, CBSA3BIBAIOIINX
PS, cymiecTByeT MHOKECTBO IPYTUX MEXAHU3MOB JIJIsT
uX pacriostaBanus [4, 50].

that in the process of ‘shrinkage’, significant changes
take place in the cytoskeleton [6]. The result thereof
is a peculiar, energetically ‘boiling” action of plasma
membrane. As a consequence, the apoptotic cell usu-
ally breaks into separate apoptotic bodies, some of
which containing chromatin. It is unknown how these
changes lead to cell death. What is known is that at
the beginning of apoptosis, when the cell is still viable,
it is recognized by another cell and gets phagocytosed
dying inside the phagocyte [45]. Therefore, the sur-
mised aim of all these changes might be to ensure that
one cell would be timely absorbed by another cell be-
fore it will have an opportunity to release its products
toxic to the cell surrounding and cause inflammation.

Apoptosis is also accompanied with plasma mem-
brane changes, the most obvious of them include the
accumulation of phosphatidyl serine (PS) molecules
on the outer surface of membrane [48]. Phagocytic
cells expressing receptors to PS recognize, bind and
absorb still alive cells, in which apoptosis has been ini-
tiated[49]. Threfore, apoptotic cell release molecules
causing inflammation into the extracellular space. Be-
sides, the macrophages that recognizes a cell as apop-
totic are not activated. This is why elimination of
apoptotic cells is a physiological and unnoticeable
process. Proper elimination of apoptotic cells is so im-
portant that in addition to the system of PS-binding
receptors there are other mechanisms for their recog-
nition [4, 50].

The Role of Steroids in Cell Death

In the study by A.Yu. Baryshnikov and Yu.V.
Shishkin, it was demonstrated that thymocytes died
in the culture during exposure to glucocorticoid at
concentrations corresponding to concentrations of
steroids that occur every day at a peak of circadian
cycle [51]. In vivo more than 95% of cells formed by
thymus die and less than 5% mature into competent
T-cells. The death of thymocytes under the action of
steroids has long been considered a physiological
process [2]. An important role of steroids in the ma-
turing of thymus cells has been proven [52]. It has
been established that glucocorticoids eliminate thy-
mus cells through apoptosis [53], manifesting their ac-
tivity solely via gene transcription activation.
However, when thymocytes were exposed to a lethal
dose of dexamethasone, cells did not die in the pres-
ence of transcription blockers [45]. Steroids did not
kill cells directly; most likely, they induced their death
by activating other mechanisms. In the course of those
experiments it was proven that if death genes are
switched on in one type of cells, all cells in the human
body might act similarly because they have the same
genome [51]. That is why any cell in the body might
undergo apoptosis, and if we can understand how to
switch these genes on and off, then the cell that should
die can be saved by use of a strategy switching these
genes off.
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PoJib cTEpOHIOB B THOEU KJIETOK

B ncerenosarmm A. 0. bappmmmmkosa u 1O. B. 1n-
TTKIHA GBITH TOTYYeHbI THTEPECHDIE TAaHHbIE, TOKa3aB-
IIMe, YTO TUMOIIUTBI OTHOAN B KYJIBTYPE IIPU 9KCITO-
3UNNN € TJIIOKOKOPTUKOWIAMU B KOHIIEHTPAITHH,
COOTBETCTBYIOITEN paBHOW TOM KOHIIEHTPAIINY CTEPOU-
TI0B, KOTOPast IOCTUTAETCST KKl IeHb Ha ITHKE IHp-
KaHoro 1mKIa [51]. In vivo ymupaet 6otee 95% KIIETOK,
KOTOPBIE 00PA3yIoTCst B TUMYCE, K MEHee 5% CO3PEBAIOT
B KomrieTeHTHbIe T-KjaeTku. CMepTh TUMOITUTOB TIOJ
JefiCTBHEM CTEePOU/IOB IaBHO CYNUTAETCS (prsmosornye-
cknM tiporteccoM [2]. /lokazana BaskHasT poJib CTEPOU-
JIOB B CO3PEBaHNU KJETOK TuMyca [52]. YcranosieHo,
YTO TTIOKOKOPTUKOW/IBI SITUMUHUPYIOT KIETKH THMYCa
Yyepe3 amnomnTo3 [53], MpOsBISAs CBOIO aKTUBHOCTD
HCKJTIOUNTETBHO TTOCPE/ICTBOM aKTHBAIIH TPAHCKPHUTI-
1 TeHoB. OTHAKO KOTIa TAMOIATBI OBLIH MTOIBEPTHY -
TBI BO3/IEHICTBUIO JICTATBHO J03BI IEKCAMETA30Ha, B
TPUCYTCTBUU GJIOKATOPOB TPAHCKPUTIIIUY KIETKU HE
norubasm [45]. Cteponzibl He yOUBAIN KIETKH HETIO-
CPE/ICTBEHHO; CKOpee BCETO, OHM WHIYIIMPOBAIN WX
rubesTh, aKTUBUPYS APYTHe MeXaHM3Mbl. B mporiecce
MAHHBIX HKCTIEPUMEHTOB OBLTO JIOKA3aHO, YTO €CTIU Y
OJTHOTO THTIA KJIETOK BKJTIOUAIOTCSI TEHBI CMEPTH, TO BCE
KJICTKU B OPraHN3Me YeT0BEKa MOTYT TIOCTYTIaTh aHAJIO-
TUYHO, TIOCKOJIBKY OHU MMEIOT OJIMHAKOBBIN TeHoM [51].
IMoatomy 06ast KIeTKa B OPraHu3Me MOKET TOBEp-
TaThCS ATOTITO3Y, U €CJIF MBI CMOKEM MOHSTB, KaK BKJTO-
9aTh 1 BBIKJIFOYATH 3TU TEHBI, TO KIJIeTKA, KOTOPast I0JTK-
Ha  yMepeTb, MOKET ObITb  COXpaHEHa [pPHU
HCTIOJTb30BAHUH CTPATETHH BBIKJIIOUEHHS ATHX T€HOB.

Ilytu peanusanumu
MEXaHU3MOB THOEJH KJIETOK

Besikmit pas, kora mo6ast KJIeTka TOIBEPraeTcst
aIoIITO3y 110 KaKOW-TO Ipuynte, MOphosoruieckue
M3MEHEHUs HOCST CTepeoTUTHbIHN XapakTep [11]. ITo
03HAYAET, YTO JOJIKHBI OBITh MHOKECTBEHHBIE TTYTH,
BeJlyle K OKOHYATEJIbHOMY, HHTETPATbHOMY TTYTH
aroITo3a.

OueBHIHO, YTO JJIst HEKOTOPBIX JIedeOHBIX TEIEi,
6BIT0 GBI Ty UIITe BO3/IEHCTBOBATE Ha OO My Th aTloTT-
T03a, HO B GOJIBITMHCTBE CJIyYaeB TepaleBTUUECKITe
BMEIIATETHCTBA JOJLKHBI IEHCTBOBATH HA KOHKPETHBII
CUTHAJ, TIPUBOJSTINN K arlONTO3y U CIeNN(UIHBIN
NI KaoKI0OHW KOHKpeTHOW kiyetku. Hampumep, Tak
MOZKHO OBLIO OBl IIPEJOTBPATUTH AllONTO3 B KapAHO-
MUOITUTAX TTOCJIE OKKJTIO3UN KOPOHAPHBIX apTepUit UK
B HelipOHAX Ha PaHHEM 3Tarle IMocJie UHCYJIbTA.

Yuacrue ImpoT€a3 B pa3BUTHUH AIIOIITO3a

[lytn peanusalii MEXaHU3MOB, KOTOpPbIE
COCTABJISIIOT TIPOrPAMMY CMEPTH KJIETOK, ellle He /10
KOHIIA TIOHSATHBI, O/IHAKO OTMEYAETCS OJ[HA TIOCJIE/I0-
BareJbHasi KADTUHA: yYacTHe IPOTeas B KaueCTBe CHUT-
HAJIOB JIJIsI PA3BUTUST OCIIE/AYIOIIUX AIIONITOTHYECKUX
cobbiTuii [27].

Implementation Pathways
of Cell Death Mechanisms

Every time when any cell undergoes apoptosis
for some reason, morphological changes have a stereo-
typic nature [11]. It means that there must be multiple
pathways leading to the final integral pathway of
apoptosis.

For some therapeutic purposes, it would be ob-
viously better to act upon the general pathway of
apoptosis, but in most cases therapeutic interventions
should act upon a specific signal leading to apoptosis
and specific for each particular cell. For example, it
would be possible to prevent apoptosis in cardyomy-
ocytes after coronary occlusion or in neurons at an
early stage after a stroke.

Involvement of Proteases
in the Development of Apoptosis

Molecular mechanisms that contribute to the
cell death program are not yet fully clarified; never-
theless, one consistent pattern is noted: involvement
of proteases as signals for development of subsequent
apoptotic events [27].

It is known that nematode Caenorrhabditis ele-
gans has 2 genes required for the programmed death of
131 cells, which develop but thereafter are lost during
maturing. They are referred to as Ced-3 and Ced-4. The
product of gene Ced-4 binds with protein Ced-3, acti-
vating it. Ced-3 is a cysteine protease [8].

There is also a gene inhibiting the processes of
death — Ced-9. 1f the product of gene Ced-4 is bound
to protein Ced-9 rather than to Ced-3, protease Ced-3
remains inactive and the cell does not die [8].

Humans have a number of cysteine proteases,
which are homologous to Ced-3 and linked with inter-
leukine-18-converting enzyme. Such enzymes are re-
ferred to as caspases (cysteine proteases) [28].

A majority of morphological changes observed
during apoptotic death of cells are induced by caspases
[28, 31]. That is why these proteases are considered
the central members of the apoptotic pathway. Cas-
pases involved in apoptosis are divided into two
groups: initiators and effectors [32]. It is known that
caspases are synthesized as zymogenes — enzymati-
cally inert proteins. The said inactive procaspases con-
tain three domains: N-terminal domain, p20, and p10.
An activated caspase is a heterotetramer containing
two heterodimers p20/p10 and two active sites [28].
Initiator caspases, which are activated in response to
proapoptotic stimuli, might be probably responsible
for activation of effector caspases.

In spite of the fact that numerous caspase sub-
strates have been found [29], the most studied fea-
tures of apoptosis are currently explained only by
some of caspase activities. In this group, caspase-3
seems to be the most important enzyme participating
in apoptosis. It is activated in many apoptosis models,
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WsBectHo, yTO Y HeMaTonHOTO YepBs Caenor-
rhabditis elegans cymecrByer 2 rena, HeOOGXOJUMbIX
IUIs 3alporpaMMupoBaHHoil tubenn 131 kiaerTku,
KOTOpblE Ppa3BUBAIOTCS, HO 3aTeM TepSIOTCS IIpU
cospesanun. Onu HasbiBalorcst Ced-3 u Ced-4. TIpo-
nykrt rera Ced-4 casbiBaercs ¢ 6enkom Ced-3, akTi-
Bupys ero. Ced-3 npejcrasisier coboii IIMCTEMHOBYIO
nporeasy [8].

Cy1ecTByeT TaksKe TeH, MHTUOUPYIOMUI Tpo-
neccol tubemu — Ced-9. Ecnu nponykr rena Ced-4
cBasal ¢ 6enkom Ced-9, a ne ¢ Ced-3, nporeasa Ced-3
0CTaeTCsl HeaKTUBHOI, U KieTKa He nmorudaer [8].

Y Jozieii cyniecTByeT psji IUCTEMHOBBIX 1TPOTe-
a3 roMoJIornuHbIX Ced-3, CBSI3aHHBIX C UHTEPJICHKIH-
18-nipeBpamaionum (GepMeHToM. ITH (HEePMEHTHI
Ha3bIBAIOT Kacra3amMu (IIMCTenHOBbIe TpoTeassbl) [28].

BoapmmuaCcTBO MOpdOIOTHYECKUX N3MEHEHNT],
HaGJI0IaeMbIX [IPHU allONTOTUYECKON rubenn Kie-
TOK, BbI3bIBaeTcs Kacrasamu |28, 31]. [Toatomy nan-
HbIE TTPOTEA3bl CANTAIOTCS IIEHTPATHHBIMU YIaCTHH-
KaMW{  allONTOTUYECKOTO  IYTH. Kacmassr,
YYaCTBYIONIUE B alIONTO3€, TTOPA3AEISIOTCS Ha J[Be
TPy WHUNWATOPHbIE U 3dderTopubie [32].
N3BecTHO, U4TO Kacma3bl CUHTE3UPYIOTCS B BUIE
3UMOTEHOB — (hePMEHTATUBHO HHEPTHBIX OEJNKOB.
YkazaHHble HEAKTUBHBIE TTPOKACTIA3bl COIEPKAT TPU
nomeHa: N-tepMuHaabHbIN 0MeH, p20 u p10. AxTu-
BUPOBaHHA Kacliaza MpejcTaBisieT coOOi rerepo-
TeTpaMep, cozepskaninii A3a rerepoaumepa p20,/p10
1 JIBa aKTUBHBIX caiiTa [28]. Bo3aMoxHO, MHUIINNA-
pyIoIKe Kacra3bl, KOTOPble aKTUBUPYIOTCS B OTBET
Ha IPOAMONTOTHYECKHE CTUMYJIbI, OTBETCTBEHHBI 32
AKTUBAINIO 3(D(HEKTOPHBIX KacTas.

HecMmotpst Ha TO, UTO BBISIBJIEHBI MHOTOUUCJICH-
Hble cyOeTparhl Kacias [29], xapakTepHble IPU3HAKU
aroNTo3a B HACTOSIIIEE BPEMS OOBSICHSIIOTCS TOJIBKO
HeKOTOpbIMU U3 HUX. Kacmasa-3 B maHHON rpytie
npejcTaBsieTcst HauboJiee BasKHbIM (hepMEHTOM, yua-
CTBYIOIIUM B arronTo3e. OHa aKTUBUPOBAaHA BO MHO-
T'UX, HO He BO BCeX MOjieJigx arnornTosa [27], u nmeer
psz cyoerparos. Hanpumep, Kacrniaza-3 paciierisier
uHrn6upyoulyto cyobeaunuiy JTHKasbl, nmpusoss-
Y10 K aKTUBAIUN KaTAIUTHIECKON CyObeINHUIIBI 1,
TakuM 00pa3oM, MPUBOAUT K MEKHYKJICOCOMHOU
dparmenrtarmu ITHK [27, 37, 46, 47, 54].

Kacmasa-3 MoseT ObITh aKTHBHPOBAHA JAPYTOM
Kacrasol 1Mo BOCXOASAIIEMY ITyTH (Harpumep, Kacia-
30i1-8) [33]. Cama kacmasza-8 akTuBUpPyeTCs, KOT/ia OHA
B3aUMOJIEHCTBYET ¢ KOMILJIEKCOM OEJIKOB MJIa3MaTu-
yeckoil MemOpanbl, Braodaioniem CD95 nau First
Apoptosis Signal Receptor — Fas, u apanrepHbiit
6estok [55]. K akTuBaIuu kacnassi-8 IPUBOAUT My Th
KJIETOYHOI rrbesin, HHUIIMHPOBAHHBIN TIOCPEACTBOM
B3aUMO/IECTBUS ONPe/IeJIEHHBIX YJIEHOB CeMelCcTBa
perenTopoB (hakTopa HEKPO3a OMyXOJH (MU perern-
TOPOB TUOEJH, CBA3AHHBIX € MJIa3MaTHIECKOH MeM-
6panoii) [56]. Takum oOpa3oM, BHEIIHIE CHUTHAJIBI
peoOpasyroTCcsl B CUTHAJIBI CMEPTH BHYTPH KJIETKH.
Kacnaza-9 aktuBupyercda mpu B3anMOJEHCTBUU C

but not in all of them [27], and has a number of sub-
strates. For example, caspase-3 breaks down the in-
hibiting subunit of DNAase that leads to activation
of catalytic subunit that leads to internucleosomal
fragmentation of DNA [27, 37, 46, 47, 54].

Caspase-3 can be activated by another caspase by
the ascending pathway (for instance, by caspase-8) [33].
Caspase-8 itself is activated when it interacts with the
plasma membrane protein complex, which includes
CD95 or First Apoptosis Signal Receptor — Fas, and
adaptor protein [55]. Caspase-8 activation results from
the cell death pathway initiated by means of interaction
of specific members of the family of tumor necrosis factor
receptors (or death receptors related to the plasma
membrane) [56]. So, external signals are converted into
death signals inside the cell. Caspase-9 is activated
through interaction with several factors including mam-
malian analogue of protein Ced-4, which is referred to
as apoptotic protease activator [57, 58].

However, caspases are not the only proteases
that are involved in apoptosis. For example, members
of the family of calpain- Ca?*activated / calmodulin -
proteases are capable of breaking down the same sub-
strate as caspase [59]. Calpain—calcium-dependent
cysteine protease is apparently necessary for apoptosis
of a number of cells including thymocytes and neu-
trophils [45, 53, 60]. Inhibition of calpain lessens the
level of brain damage in rats with experimental stroke,
which supports the hypothesis that during a stroke it
is apoptosis that causes a considerable portion of brain
cortex injuries, which were previously considered
purely necrotic [7, 61].

In this connection it has been surmised that pro-
teases are involved in apoptosis as signals because, in
contrast to other known signal pathways, proteolytic
degradation in the cell during apoptosis is an irre-
versible process, which makes the cell to move along
the path towards its destruction [12, 25].

Besides, apoptosis involves specific endonucle-
ases and chromatin-modifying factors — endonuclease
G and apoptosis-inducing factor (AIF), which might
repeat some structural changes of the nucleus that are
typical for the caspase-dependent apoptotic process.
Some factors, such as the first receptor of apoptosis
signal and caspases, promote apoptosis, while some
members of Bel-2 family (B-cell Lymphoma 2) inhibit
apoptosis [58, 62—64].

Interestingly, cytotoxic T-lymphocytes facilitate
apoptosis of contacting target cells by delivering
granzyme B into cell, which has substrate specificity
similar to caspases [65].

Factors Associated
with Apoptosis Activation

There are three mechanisms by means of which a
cell dies during apoptosis: one is generated by signals
generated intracellularly, the second is initiated by death
activators linked with receptors on the cell members,
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HECKOJIbKUME (DAaKTOPAMU, BKJIIOUYAsi aHAJIOT Oeska
Ced-4 MIeKOTIUTAIONINX, HA3BIBAEMBII MO TOTHYE-
CKHM aKTHBaTOPOM IpoTeassl [57, 58].

OpHaKo Kacrasbl He SIBJISIOTCS €INHCTBEHHBIMU
pOTea3aMu, KOTOPbIE, BOBJIEUEHBI B anonTo3. Harmpu-
Mep, WieHbl ceMelicTBa Kasbiiand-Ca? akTHBUpOBaH-
HBIX/ KaJbMOJYJINH-TIPOTEA3, CIOCOOHBI PACIIEILIATH
Takue ke cyOcTparhl Kak Kaciaza [59]. Kajbmann—kaib-
IMi1-3aBUCHMAsT IMCTENHOBAS TIPOTEA3a, TI0-BUIUMOMY,
HEOOX0/IMMA JIJIST ATIOTITO3a Psifia KIIETOK, BKIIFOYAst THMO-
uuThl U Heiirpoduabl [45, 53, 60]. Murubuposanue
KaJIbIIaHA YMEHbIIIAET CTETeHb MOPAYKEHMUS MO3Ta KPBIC,
C DKCIIEPUMEHTAIBHBIM UHCYJIBTOM, YTO TIOITBEPIKIAET
TUTIOTE3Y O TOM, YTO TIPH UHCYJIbTe UMEHHO allolTo3
006YCIIOBIMBAET 3HAYNTEBHYIO YACTh TOPAKEHUH KOPbI
TOJIOBHOT'O MO3Ta, KOTOPbIE PAHee CYMTAIUCH YHCTO HEK-
porudeckumu [7, 61].

B cBs1311 ¢ 5THM OBLIO BHICKA3aHO TIPE/OIOKEHIE
0 TOM, YTO TIPOTEA3bI YYACTBYIOT B AIIONTO3€ B KAUECTBE
CHTHAJIOB, IOTOMY YTO B OTJIMYME OT IPYTUX U3BECTHBIX
CUTHAJIBHBIX ITyTelf, TPOTEOTMTUYECKOE PACIIeNIeHne
B KJIETKE MPH aTlONTO3€ SIBJSETCST HEOOPATUMBIM TIPO-
I[ECCOM, YTO 3aCTABJISIET KJIETKY TIPOBUTATHCS 1O Ty TH
K cBoeMy paspyinenuio [12, 25].

Kpowme Toro, B anomnTo3 BoBJjieueHbl KOHKPETHbIE
9HIIOHYKJI€A3bl 1 XPOMATUH-MOAUpUIIpYolire (hak-
TOPBI — dHJIOHYKIea3a G 1 aronTo3-uHIYIUPY IO
akrop (AIF), koTOpble MOTYT TOBTOPATH HEKOTOPbIE
CTPYKTYDPHBIE UBMEHEHUST SI/IPA, KOTOPBIE XaPAKTEPHBI
TSI KacIa3a-3aBUCUMOT0 allONTOTUYECKOTO TTPOIECCa.
[Tpu sTOM HekoTOPBIE HAKTOPHI, TAKME KAK MEPBBII
PELENTOp CHUrHAJNA AloNTO3a W KACHasbl, CHOCOO-
CTBYIOT aIlOIITO3Y, B TO BPEMsI KaK HEKOTOPBIE YJIEHbI
cemeiictBa Bel-2 (B-cell Lymphoma 2) unru6upyior
aronTos |58, 62—64].

Wurepecho, uto riurotokcyeckue T-mumdborim-
TBI CIIOCOOCTBYIOT AIOITO3y KOHTAKTUPYIONTUX KJie-
TOK-MUIIIEHEH ITyTeM JIOCTaBKH B KJIETKY TpaH3nmMa B,
KOTOPBIH UMEET CXOHYIO C Kacla3aMu cyOcTpaTHYIO
crernduaHOCTb [65].

d)aKTopr, aCCoIMMpoOBaHHbIE
C aKTI/IBaHI/Ieﬁ allonTo3a

CyiiecTByeT Tpu MeXaHU3Ma, IOCPEACTBOM
KOTOPBIX KJIETKA YMUPAET MPU aIOTITO3€: OJINH reHe-
pUpPYeTCst CUTHAJIAMY, BOSHUKAIONIMMU BHYTPU KJI€T-
KU, BTOPOH MHUIUUPYETCS aKTHBATOpaMu THGEH,
CBSI3AHHBIMU C PEIENTOpaMU Ha MeMOpaHe KJIEeTKH, a
TpeTHil MOKeT ObITh BBI3BAH aKTUBHBIMU (DOpMaMu
Kucsaopona [66, 67]. Bmecte ¢ atuM, rubesb KIETOK,
HAPSIY C KJIETOUHBIM POCTOM U MU depeHInpoBKoi,
SIBJISIETCST BAYKHOU YacCThIO XKI3HeHHoro 1ukia. [pen-
M0JIATAETCS, YTO TOMEOCTATHYECKUIT KOHTPOJIb YHCIIa
KJIETOK SIBJISIETCS PE3YJIETATOM IMHAMIYECKOTO Gasia-
ca Mexay ux mposndepanueii u rubesnio [68, 69].
AkTuBarug anonrtoza HabI0ATaCh B aJUIONUTAX
yesioBeKa 1pu pazputuu oxkupenus [70]. [Apyrue
UCCJIeIOBAHUS TI0KA3JIM YCUJIeHNEe PAa3BUTHUSI alloll-

and the third can be caused by reactive oxygen species
[66, 67]. At the same time, cell death, along with cell
growth and differentiation, is an important part of the
life cycle. It is believed that the homeostatic control of
the number of cells is the result of dynamic balance be-
tween their proliferation and death [68, 69]. Apoptosis
activation was observed in human adipocytes during de-
velopment of obesity [70]. Other investigations demon-
strated intensification of apoptosis development when
allergens acted on human bronchial cells [71], in human
cardiomyocytes during heart failure development [72],
and during activation of cannabis receptors in human
brain cells [73]. Toxic effect of cadmium intensified
apoptosis process in the cells of heart, kidneys, small in-
testine, and vessels in mice, also in a cell line of astro-
cytes from the human brain [74]. Based on literature
data, the review [75] analyzed in detail the biochemical
mechanisms leading to apoptosis development. In criti-
cal states, a developing inflammation manifests as a pro-
tective response of the body to different pathogens or
occurrence of a tissue injury. Occurrence of an inflam-
matory response plays an essential role in restoration of
homeostasis in the body between its internal and exter-
nal environment. In such instance, the inducers of pro-
grammed cell death are bacterial endo- and exotoxins.
Massive cell apoptosis develops during sepsis, traumas
and brain injuries, acute renal failure. Apoptosis is the
predominant form of the death of myocytes during early
infarction, in which the programmed death of cardiomy-
ocytes is caused by the effect of toxins, increase of the
intracellular concentration of calcium, developing hy-
poxia and ischemic processes. Development of apoptosis
of the immune system cells is related to stress-induced
dysregulation. During acute injury of the lungs and
acute respiratory distress syndrome, intensified apopto-
sis of the respiratory system cells has been observed.

Toxic effects caused by biochemical substances
during critical states can give rise to neurodegenera-
tive processes leading to apoptosis through generation
of reactive oxygen species (ROS) or caspase activa-
tion. Neurons may express suicidal genes in response
to the chemical factors of brain tissue and products of
activation pathway genes [39, 45, 76—82]. As a rule,
neurotrophins regulate surviving of neurons through
the action of protein kinase pathway members, such
as phosphoinositide 3-kinases — PI-3K, Akt-kinase
(protein kinase B — PKB), and mitogen-activated pro-
tein kinase — MAPK. Apoptosis is usually induced by
an apoptosis inducing factor — AIF, flavoprotein found
in the intermembrane space of mitochondria. As soon
as it releases mitochondria, it migrates into the nu-
cleus and binds DNA, which results in DNA destruc-
tion and apoptosis [67, 83].

Regulatory Role of Apoptosis

In the immune system, apoptosis regulates pools
of lymphocytes. On the one hand, resistance of im-
mune system cells to apoptosis is important for im-
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TO3a TIPU BO3/ICHCTBUN aJIJIEPreHOB Ha GPOHXUATBHBIE
KJIeTKU yesioBeka [71], B kKapauoMuoIurax yejoBe-
Ka ITPY Pa3BUTHUU CEPJIEYHON HEJOCTATOUHOCTH [72]
U TIPU aKTHBAIUU KaHHAOUOWM/HBIX PEIENTOPOB B
KJIETKaX TOJIOBHOTO Mo3Ta yesoBeka [73]. Tokcuue-
CKOe JleiicTBHE KQ/IMUS YCUIIMBAJIO IIPOIECCHI alloTl-
TO3a B KJIETKaX Cep/lla, T0YeK, TOHKOTO KUIIEUHUKA
U COCYJZIOB y MBIIIEH, a TakyKe B KJIETOYHOU JIMHUU
aCTPOLUTOB U3 MO3ra denoseka [74]. B 0630pHOi
cratbe [75] HA OCHOBAHWU MAHHBIX JHUTEPATYPHI
HoJApOOHO TPOAHATU3UPOBAHBI OUOXUMHUYECKUE
MeXaHU3MbI, TPUBOJAIINE K PAa3BUTHIO arlonTo3a. B
KPUTHUYECKUX COCTOSHUAX, pa3BUBalolicecs BocIa-
JIeHWe TIPOSABJISETCS KaK 3alllUTHAd peaKius opra-
HU3Ma Ha pa3JNyHbIe TTATOTEHbI UJIU Ha MOSBJICHUE
TpaBMbl TKaHeil. [osBienne BocanuTesabHON peak-
UM UTPaeT KJIIYEBYIO POJIb B BOCCTAHOBJICHUU
roMeocTa3a B OpraHu3Me Mexy ero BHyTpeHHel U
oKpyxKaloleil cpenoii. ugykropamu nporpaMmu-
pyeMoii KJIeTouHOH rubesu pu 3TOM cayskaT Hak-
TepuajbHble dHI0- U IK30TOKCUHBLI. MaccoBblii
aIloITO3 Pa3BUBAETCS IIPHU CellCHCe, IPU TPaBMax U
MOBPEXKACHUAX TOJOBHOTO MO3Ta, IPU OCTPOi
MOYEUHOH HEeJA0CTATOYHOCTHU. AIOINTO3 ABJSETCS
npeobragaiotieit GopMoil rubest MUOTIUTOB MPU
panneMm uHdapkTe. [Ipn aToM nporpammupyemas
ru6esb KapJAHOMHUOITUTOB MOKET OBITH 0OYCIOBICHA
JlefiCTBUEM TOKCMHOB, BOCHIAJICHUEM, YBEJINYCHUEM
BHYTPUKJIETOYHON KOHIIEHTPAIIUX KaJbIlUd, IPO-
1[eccaMy FUIIOKCUU U UIlleMuu. PazBuTue anonTosa
KJIETOK UMMYHHOW CHCTEMBI CBS3aHO C ee CTpece-
UHAYIIUpOBaHHOU nucperyngauueil. [Ipu octpom
MOBPEXKACHUN JIETKUX U OCTPOM PECHUPATOPHOM
JMCTPECC-CUHAPOME HAOII0AeTCsl YCUIIEHUE allol-
TO3a KJIETOK /[bIXaTeJbHOM CUCTEMBI.

TokcuuHbIe BO3/IEHCTBUSI, BbI3BAHHbBIE OUOXU-
MUYECKUMU  CYyOCTAHIUAMU TIPU  KPUTHYECKUX
COCTOAHUAX, MOTYT BBI3BaTh HelipojlereHepaTuBHbIE
MPOIIECCHI, TPUBOAIINE K aIIOTITO3Y I1OCPECTBOM
reHepanuu akTuBHbIX popm kucsgopozga (ROS) nnu
AKTUBAIIMU Kacia3. Bce HelpOHbI HeCcy T CyuIM/IHbIE
TeHbI, Ha AKIPECCUIO KOTOPBIX BJIMUSAIOT XUMUYCCKUE
(hakTOpPBI TKAHM MO3Ta W MPOAYKTHI T€HOB IyTei
aktuanuu [39, 45, 76—82]. Kak npasuJo, Heiipo-
TPOMUHBI PeryJupyioT BLIXKUBAEMOCTb HEHPOHOB
MOCPEJICTBOM JIEHCTBUS YYACTHUKOB ITPOTEMHKUHA3-
HBIX NyTel Takux Kak, dochaTugananHo3uTo-3-
kunasa (Phosphoinositide 3-Kinases — PI-3K),
Akt-xunasa (Protein Kinase B — PKB) u mutoren-
akTuBupyeMas nnporenHkunasa (Mitogen-Activated
Protein Kinase — MAPK). Kak npaBusio, uHZyKITHIO
aIoIITO3a BLI3bIBACT AllONTO3-UHAYIUPYIONNi (ak-
Top (Apoptosis Inducing Factor — AIF) — ¢uaso-
MPOTENH, PACIIONOKEHHBIH B MEKMEMOPAHHOM TIPO-
cTpaHCcTBe  MUTOXOHIpuil. Kak Tojabko OH
BBICBOOOK/IAETCST U3 MEKMEMOPaHHOTO TPOCTPaH-
CTBAa MUTOXOH/IPUI, TO MUTPUPYET B PO U CBA3DI-
Baetcst ¢ JIHK, uro npuBoaut k paspymenuio JJHK
u anontosy [67, 83].

mune response initiation [84, 85]; on the other hand,
to prevent autoimmunity, timely occlusion of acti-
vated cells is important. Two members of the super-
family of tumor necrosis factor (TNF) receptors,
namely, CD40 and CD95 differentiation cluster struc-
tures, play a role in this process: CD40-CD40L system
stimulates survival while CD95-CD95L systems
causes death of cells [51, 86—88].

Information about specific immune responses in
human intestinal compartments is very limited. The
authors of study [89] strived to establish differences
in the immune compartmentalization between ileum
and colon in the healthy and inflammatory mucous
membrane by measuring T-cell profile and speed of
T-cell apoptosis, analyzing surface antigens, cytokines
and expression of their genes. A higher speed of lym-
phocyte apoptosis was found in the healthy intact
colon cells compared to small intestine cells. Colon in-
flammation of any type led to a drastic decrease of
apoptosis speed compared to the healthy ileum. In
contrast to Crohn’s disease patients, in patients having
healthy colon, higher levels of cells containing active
caspase-3 were found in the same regions [27, 89].

Apoptosis During Acute Lung Injury

Apoptosis is considered the main mechanism of
cell death during acute lung injury, which causes severe
respiratory failure and death in critical patients [90].
Acute lung injury is caused by several clinical disorders
including direct injury of lungs by phlogogenic factors
and aspiration, and indirect — due to a trauma or sepsis
[90]. In spite of the fact that knowledge about the
mechanisms leading to acute lung injury has grown, no
particular variants of treating such states have been de-
veloped to the present day. Studies on several lung in-
jury models have shown that activated lung
macrophages and stimulated epithelial cells release cy-
tokines and chemokines [91]. The said inflammation
mediators play a decisive role in the inflammatory re-
sponse initiation. Sequestration of neutrophils and their
migration to alveoli remain the morphological signs of
acute lung injury and neutrophils — the key effector
cells that later destroy lung tissue. Apoptosis pathways
converge at the level of caspase-3 activation [90], which
results to destruction of proteins and DNA fragmenta-
tion. Apoptotic altered cells are eliminated by phago-
cytes. Inability to activate or inhibit the apoptosis
process might lead to disease development because the
content of 'undesirable' cells rises quantitative or be-
cause ‘desirable’ cells die prematurely [92].

Apoptosis During Sepsis

Previously, the traditional paradigm regarding
sepsis considered sepsis as a result of uncontrolled in-
flammatory response [93]. It was thought that the suc-
cessful therapeutic strategy should include agents
blocking key mediators of inflammation, such as bac-
terial lipopolysaccharide, interleukin-1 and /or tumor
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PerynsaropHas posb anonro3sa

B nMMyHHOIT cricTeMe aronTo3 PeryanpyerT myJibl
sumboruToB. C OTHOI CTOPOHBI, /71 HHUTTAMPOBAHUST
HMMYHHOTO OTBETA BasKHO, YTOOBI KIETKH UMMYHHOI
CHCTEMBI OBLTH YCTOMYUBBI K AITONITO3Y, YTO [O3BOJISIET
UM BBITIOJIHATD cBOO (hyHKImio [84, 85], a ¢ apyroii,
JUTSL TIPEZIOTBPAIIIEHNS] Ay TOMMMYHHUTETA Ba)KHO CBOE-
BPEMEHHOE BBIKJTIOUECHUE aKTHBUPOBAHHBIX KJIETOK.
/lBa usiena cynepceMencTBa pernenTopoB hakTopa HeK-
poza omyxouu (Tumor necrosis factor — TNF), a umen-
HO CTPYKTYPHI kiactepa nuddepentinposkn CD40 n
CD95, urpatot poJib B aToM Tipotiecce: crctema CD40-
CD40L crumysnpyer BbikuBanue, a cucrema CD95-
CD95L BoisbiBaet rubesns kiaerok [51, 86—88].

Nndopmarus o crienndudecknx MMMYHOJIOTH-
YeCKUX OTBETaxX B OTJeJax KUIIEYHWKA YesOBEKa
oueHb orpaHnyeHa. ABTOpsI nccsenoBanus [89] ctpe-
MUJTUCh OTIPE/IETUTD PA3IMUNs B UMMYHHON KOMTTapT-
MEHTATU3AITIT MEXK/TY TTO/IB3IOITHON KUIIIKOW U TOJI-
CTOW KUIITKOHN B 37I0POBOH 11 BOCTIATIEHHOW CITU3UCTON
060J104Ke, nsmepssa T-KaeTouHbIi npoduib U CKo-
pocTh anornTosa T-KJIeToK, TPOBO/Isl aHATN3 MTOBEPX-
HOCTHBIX aHTUTEHOB, IIMTOKUHOB U HKCIIPECCUIO UX
reHoB. boJiee BpICOKAst CKOPOCTH Ao To3a JMMQpOTIH-
TOB OblJIa OGHAPYKEHA B 3JI0POBON MHTAKTHOI TOJI-
CTOU KWINKE M0 CPAaBHEHWIO C KJIETKaMU TOHKOTO
kutrevyHrKa. Bee (hopmbr BocmiasieHUs TOJCTON KUTITKA
MIPUBOIMJIN K PE3KOMY CHHUZKEHUIO CKOPOCTH alloNTo3a
110 CPaBHEHUIO CO 30POBOI 00600UHOI KUIIKOii. B
OTJIMYKE OT TAI[eHTOB ¢ 6ose3Hbio KpoHa, y marueH-
TOB CO 3[IOPOBOI TOJICTOM KHUIMTKOW B aHAJOTUIHBIX
ydyacTkax OBLIM BBISBJEHBI 00jice BBICOKME YPOBHU
KJIETOK, COZIep KalinX akTUBHYIO Kacnasy-3 [27, 89].

ArnonTo3s npu ocTpomM
NOBPEKICHUH JIETKUX

ATIONITO3 CUUTAETCS OCHOBHBIM MEXaHM3MOM
rubes KJIETOK TIPU OCTPOM TIOBPEKACHUH JIETKUX,
YTO BBI3BIBAET TSLKEYIO PECTTMPATOPHYIO HEIOCTATOU-
HOCTB ¥ CMEPTh Y KpuTrdeckux 60sbHbIX [90]. Octpoe
TOBPESK/ICHUE JIETKUX BBI3BIBACTCS HECKOJIBKIMHU KJTH-
HUYECKUMU HAPYIIEHUSIME, BKJTIOUAsT TIPSIMOE JIeTOY-
HOe TIOBpexieHne (IoroTeHHBIMU (hakTopaMu U
acTiiparueti, a Takske KOCBEHHOE — BCJIE/ICTBHE TPaB-
Mol uiu cencuca [90]. Hecmotps Ha To, 4TO 3HAHUS O
MeXaHU3MaX, BEAYIINX K OCTPOMY MOBPEKIECHUIO JIeT-
KUX, YBEJIMYUINCD, 10 HACTOSIIIIEr0 BPeMEHH He ObLIO
pa3paboTaHO KOHKPETHBIX BAPHAHTOB JIEYEHUST 110100~
HBIX COCTOSTHUN. B mccaemoBaHnsIx Ha HECKOJTBKUX
MOJIEJISIX TIOBPEsKAEHUS JIETKUX TTOKAa3aHO, 9TO aKTH-
BUPOBAHHBIE JIETOUHbIE MAKPO(hark ¥ CTUMYJTHPOBAH-
HBIE SITUTETNATBHBIE KJIETKH BHICBOOOKIAIOT IIUTOKH-
Hbl 1 xeMokunbl [91]. Ykazanuble BocnaanuTeabHbIe
MeZIMATOPBl UTPAIOT PEINAIONIYIO POJIb B MHUITUAIINH
BocmamuTeabHOTO 0TBeTa. CekBecTpanust HeUTpohu-
JIOB ¥ MUTPAITUS UX B aJTbBEOJIBI OCTAIOTCS MOP(hOIIO-
TMYECKUMU MTPUBHAKAMHU OCTPOTO TTOBPEKIEHUS JIeT-

necrosis factor-c [11]. However, when many of such
pharmacalogical agents with anti-inflammatory activ-
ities were tested in randomized, well-controlled stud-
ies, they did not demonstrate a positive effect [94].
Therefore, therapeutic strategies aimed at suppression
of inflammation during sepsis did not yield a positive
result. During the recent decade, investigations on ex-
perimental models and patients have shown that the
immune response during sepsis has a two-phase na-
ture: the initial hyper-inflammatory phase character-
ized by a high level of pro-inflammatory cytokines and
the second phase characterized by reduced reactivity
of immune cells to phlogogenic factors — the immunity
paralysis [95]. This phase is an extremely vulnerable
period during which patients are exposed to high risk
of bacterial infection. The mechanism of immunity
paralysis phase apparently includes apoptosis of im-
mune cells, in particular, lymphocytes. In their study,
Wang et al. [42] discovered that intraperitoneal injec-
tion of gram-negative bacteria to mice was accompa-
nied by apoptosis of CD4+ and CD8+ lymphocytes in
the thymus. Hotchkiss et al. demonstrated that apop-
tosis of lymphocytes affects also lymphocytes of the
spleen and a majority of other vital organs [96].

The Anti-apoptotic Defense Mechanism
During Ischemia/Reperfusion

It is known that apoptosis might be caused by a
wide range of stimuli encountered during critical con-
ditions. In addition to specific stimuli including receptor
agonists, other stimuli inducing extracellular and intra-
cellular stresses might be activators of the apoptotic
pathway [57, 97]. Pathological stimuli during heart at-
tacks and strokes include ischemia and subsequent
reperfusion. It was found that brief sub-lethal periods of
blood stream stop and restart (ischemia/reperfusion)
cause the phenotype later protecting the cell during
longer ischemia /reperfusion periods [72]. Classical ef-
fect provides a temporary defense window that occurs a
few minutes after stimulus effect (usually, these are 3—4
short periods of ischemia / reperfusion). The defense
may last up to 120 minutes and includes a number of sig-
naling proteins, several cascades of protein kinases such
as extracellular signal-regulated kinases and Akt-kinasa,
which are known to possess antiapoptotic properties
[86]. In response to the same stimuli, the second form
of influence takes place, which is referred to as the late
start influence and provides a long-time protection last-
ing for 24 hrs to 72 hrs after the stimulus. The said form
of action requires protein synthesis and includes in-
creased expression of a number of genes encoding
stress-induced proteins like heat-shock proteins, an-
tioxidants, ceramide-using enzymes, and a number of
other anti-apoptotic genes [98].

Apoptosis During Acute Renal Failure

In some situations, receptor-mediated events
caused by tumor necrosis factor-alpha or the first apop-
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KUX, a HEUTPOUITBI — KII0UeBbIMHU 3(D(HEKTOPHBIMU
KJIETKaMU, KOTOPBIE BIIOCJIEJICTBUU PA3PYIIAIOT JIEroY-
HYIO TKaHb. [Ipu 9TOM IyTH anornrosa cXOomsaTcs Ha
ypoBHe akTuBanuu kacmasbi-3 [90], uto mpuBOANUT K
paspyuiernio 6eKoB, a Takke K pparmenTaran J[HK.
ATIOTITOTUYECKH U3MEHEHHBIE KJIETKU YAAJSIOTCS
carormramu. HecriocoGHOCTh aKTUBAIIUMY UJIH WHTHU-
GUITMK TIPOIlecca arnonTo3a MOXKET MPUBECTH K 3a60-
JIEBAHUIO, TIOTOMY UTO COJIEPKAHUE «HEKENATETbHBIX>
KJIETOK YBEJMYUBAIOTCS B KOJMYECTBEHHOM OTHOIIIE-
HUH, TNGO TIOTOMY, UTO <KEJIAEMBIE» KJIETKH YMUPAIOT
npeskieBpeMento [92].

Anonro3s IIpH CeIICucCe

Tpanuimonnas napajurma B OTHOIIECHUH CETICH -
ca paHee 3aKJII0YAJIach B TOM, YTO CEIICUC SIBJISIETCS
Pe3yJIBTaTOM HEKOHTPOJUPYEMOTO BOCIIATUTEIBHOTO
orBera [93]. Cuuranoch, 4TO CyIIECTBYIOT areHThl,
HalpaBjeHHbIe Ha GJIOKUPOBAHKE KIIOUEBBIX Me/IHa-
TOPOB BOCIAJIEHUS], TAKUX KaK GaKTepUabHbIIT KO-
nojicaxapujl, uatepeiikun-1 u/miu haxtop HEKPO-
3a onyxoJsu-¢ [11]. OxHako, Korja MHOTHE U3 9TUX
areHTOB OBbLIN MPOTECTUPOBAHBI B PAHAOMU3UPOBAH-
HBIX KOHTPOJMPYEMbBIX HCCIEOBAHUSIX, OHU HE TIPO-
JIeMOHCTPUPOBAJIH 1T0JI0XKUTeabHOTO adderTa [94].
Takum  00pasoM, TepaleBTUYEeCKUE CTPATeruH,
HaIpaBJIeHHbIE HA MTO/IaBJICHIE BOCTIAJIEHUS TIPH CETI-
cuce, He AW TIOJOKHUTEJIBHOTO pe3ysbrara. 3a
MocJIeIHEE JIECATUIETHE UCCIeIOBAaHNS Ha 9KCIIEPH-
MEHTAJTbHBIX MOJIEJIIX U TMaIMeHTaX MOKa3alu, YTo
VMMYHHBIH OTBET TIPU CeTicruce nMeeT ABYX(ha3HBIN
XapakTep: ¢ HauaJbHOI TUTIEPBOCTIATTUTETFHOH (Dasoii,
XapaKTePU3YIONIeiicss BBICOKUM YPOBHEM TTPOBOCTIA-
JINTEJIbHBIX IIMTOKUHOB, 1 BTOPOH (ha3oif, XapakTepu-
3yIOMIeHcsT CHIKEHHON PeakKTUBHOCTHIO MMMYHHBIX
KJIeTOK K (hrororeHHbIM (hakTopaM— (azoit UMMYyHO-
napasnga [95]. Irta dasza gBisgeTCs YpPe3BHIYANHO
VSI3BUMBIM TTEPUOJIOM, BO BPEMST KOTOPOTO TTAIIUEHTHI
MO/IBEPraloTCs MOBBIIIEHHOMY PUCKY 3apaskeHust Gak-
TepusiMu. Mexanuam (asbl IMMYHHOTO TTapajinyga, mo-
BUIUMOMY, BKJIIOYAET allONTO3 UMMYHHBIX KJIETOK, B
yacTHOCTH JmMdonnToB. B cBoeMm wmccienoBanun
Wang et al. [42] o6HapysKuiu, 94TO BHYTPUOPIOIITITH-
Hasl WHBEKIUS TPaMOTPUIATEIbHBIX —OaKTepuil
MBIIIIaM COTPOBOsKaMachk anonto3oM CD4+ n CD8+
sumornutos B tumyce. Hotchkiss u ap. mokasainmu,
YTO aronTo3 JUMQOIUTOB TaKXKe 3aTparuBaeT JTUM-
OINTHI cesle3eHKI 1 GOJBITNHCTBA APYTUX KU3HEH-
HO Ba)KHBIX OpraHoB [96].

AHTHATIONTHYECKUHA MEeXaHN3M 3alUThI
pu uimemun,/penepPysuu

I/IBBGCTHO, YTO alloNTO3 MOJKET OBITh BbI3BaH
HINPOKHUM CIIEKTPOM CTUMYJIOB, BCTPEUAIOIMINXCA ITPU
KPUTUYECKHNX COCTOAHUAX. B nonosnenue k CHeL[I/I(I)I/I-
YECKUM CTUMYJIaM, TAKUM, KaK arOHUCTbBI PEIIENTTOPOB,
Apyrue pa3apaxuTesiv, BRa04Yasd MHOKECTBO BHEKJIE-
TOYHBIX 1 BHYTPURJIETOYHBIX CTPECCOB, MOI'yT CJIY’KUTDH

tosis signal receptor (FAS) — CD95 — might play a path-
ogenic role in the apoptosis of tubular epithelium cells
during acute renal failure [29]. However, tubular epithe-
lium cells injured due to acute ischemic or nephrotoxic
lesion of kidneys can die by apoptosis [56, 94]. For in-
stance, during ischemia, damaged cells sometimes ex-
press receptor CD95 and thus undergo apoptosis.

Formed ‘apoptotic bodies’ phagocytosed by
macrophages and neighboring epithelial cells [5, 99].
In the experimental models of acute renal failure, in
vivo process of apoptosis of renal cells might be subdi-
vided in two different phases. The first phase of apop-
tosis takes place at an early stage, between 12 and 48
hours after acute ischemic or nephrotoxic injury of
kidneys. The second phase of apoptosis takes place a
few days later at the phase of restoration [100]. Apop-
tosis of tubular epithelium cells commencing soon
after acute renal condition apparently facilitates loss
of tubular epithelium cells and their subsequent dys-
function. On the contrary, apoptosis related to the
phase of restoration promotes re-modeling of damaged
tubules and facilitates their recovery to normal struc-
tural and functional condition [101].

In this connection, therapeutic interventions in-
hibiting apoptosis or assisting its development during
different critical conditions can potentially minimize the
damaging effect and speed up recovery of patients [24].

Mitochondrial Apoptotic
Pathway Regulators

Members of Bcl-2 family are important regula-
tors of the mitochondrial apoptotic pathway and in-
clude antiapoptotic proteins (Bel-2, Bel-xL, Mcl-1,
Bcl-w, A-1) and proapoptotic proteins (Bax, Bak, Bid,
Bad, Bik) [102]. Bcl-2 family was named after the
gene participating in the formation of B-cell lym-
phoma (Bcl). Bel-2 family consists of three functional
groups. Members of the first group (Bcl-2, Bel-xL,
Bel-w) feature antiapoptotic activity. The second and
third groups consiste of proapoptotic members of Bel-
2 family: Bax, Bak, Bok, Bcl-xS, and Bik, Blk, BimL,
Bid, Bad, correspondingly [103].

In this connection it is worth noting that ATP
production is not the only vital function performed
by mitochondria. Mitochondria are a vital compo-
nent of the cell transduction network that is capa-
ble of initiating apoptosis and, thus, program cell
death [40, 41, 43, 104, 105].

The main protein signal initiating this process is
cytochrome C — the protein transporting electrons and
releasing chemical messengers that activate caspases
and start the apoptosis program [102, 106, 107]. Mito-
chondria continuously supply the cell with energy
maintaining the proton gradient that is used for con-
version of ADP into ATP with the help of ATP-syn-
thase. At the same time, organelle can render influence
on the cell death thanks to mass expression of the same
membrane proteins that perform electron transport to
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MHYKTOPaMHU arornTotudeckoro mytu [57, 97]. Ilaro-
JIOTUYECKHUe CTUMYJIbI TIPU CEPIEYHbIX MTPUCTYTIAX MU
MHCYJIBTaX BKJIIOYAIOT WIIEMUIO U TIOCJEIYIONLYIO
peniepdysuto. O6GHAPYKEHO, YTO KPaTKOBPEMEHHBIE
cybJieTaibHble TEePUOBI OCTAHOBKU W TIOBTOPHOTO
3aIycKka KpoBOTOKa (uieMusi/pernepdy3usi) BbI3bI-
BaIOT (DEHOTHII, 3ALUIIAIONTUI BIIOCJIEICTBUN KIETKY
npu GoJiee TTUTETBHBIX IEPHOJAax uileMun/perepdy-
sun [72]. Knaccuueckoe BosneiicTBre o0eciiednBaer
BpeMEeHHOe OKHO 3aIIUThl, KOTOPOE BO3HUKAET Yepe3
HECKOJIBKO MUHYT TIOCJIe BO3/IeHCTBUS cTuMyJIa (06bIY-
HO 3TO 3—4 KOPOTKHUX TIEPUOJIOB UllleMuu/perepdy-
3UN). 3anmra MOXeT Thes 10 120 MUHyT 1 BKJIIO-
yaeT B cebst PsAJl CUTHAJIBHBIX GENKOB, HECKOJBKO
KaCKaJIOB MPOTEMHKIHA3, TAKUX KAK BHEKJIETOUHbIE
CUTHAJI-peryaupyembie Kuuasol u Akt-knHasa, KoTo-
phi€, KaK M3BECTHO, 06JIA/[AI0T AaHTHATIOTITOTHYECKIMI
cBotictBamu [86]. B oTBeT Ha 0f1HU U Te JKe CTUMYJIbI
BO3HUKAET BTOpast hopMa BIUSHI, HA3bIBAEMAsT BIIHSI-
HUEM TTO3/[HETO HAYAJIA, YTO 0OECTIEYNBAET JI0JITOBPE-
MEHHYIO 3aITUTY, KOTOpast JUIUTCS OT 24 /10 72 4 mocie
BJIMSTHUS CTUMYJIA. YKazanHast popma BustHust Tpedy-
er cuHTe3a Geska 1 BKII0YAET TOBBIIIEHHYIO SKCIPEC-
CHIO Psi/ia TeHOB, KOTOPBIE KOAUPYIOT GEJIKH, TAKKE KaK
GesIKM TETIOBOTO MIO0KA, aHTHOKCHU/IAHTDI, TlepaMu/l-
UCTIOJB3YIoNIne (hepMEHTbI, & TAKIKE PSIJT IPYTHX aHTHU-
arnornToTHYecKux renos [98].

AnonTo3 npu ocTpoii
MOY€eYHOIl HETOCTATOYHOCTH

B HeKOTOPBIX CUTyaIUAX PelenTOP-0I0Cpe/10-
BaHHbIE COOBITHS, BbI3BaHHBbIE (hAKTOPOM HEKPO3a
OIIyXOJIM-aJib(ha MK TIepBBIM PEIeNTOPOM CUTHAJIA
arnoriro3a (Fas) — CD95, MoryT urpaTh maToreHeTH-
YECKYIO POJIb B AMOIITO3€ KJIETOK TYOYISIPHOTO STIHATE-
JIUST TIPY OCTPOU TIOUeYHOU HejocTaTounoctu [29].
OpHako, KIETKH TYOYJISIPHOTO STIUTEIUST, TPABMIPO-
BaHHbBIE BCJIEJCTBUE OCTPOTO UIIEMUYECKOTO UK Hed-
POTOKCUYECKOTO MOPAKEHUST TOUYEK, MOTYT HOTUOHYTH
BCJIesicTBIE artonTosa [56, 94]. Hanpumep, mpu utie-
MUU [TOBPEXKIEHHDbIE KJIETKH NHOT/A dKCIIPECCUPYIOT
perenrop CD95 1 Takum 06pasoM BXOIAT B AIIOITO3.

ATionToTryecKkue KJIeTKU B KOHEUHOM cyeTe pac-
[aJIAI0TCs HA CBA3AHHbIE € MIaA3MaTHYECKON MeMGpa-
HOW BE3UKYJIbl, Ha3bIBaEMbIe <aIlONTOTUYECKUMU
TeJIAMU», KOTOPbIe OBICTPO (haromuTUPYIOTCST MAKPO-
(baramu 1 coceTHUMU ATMUTETHATBHBIMY KJIETKAMH |5,
99]. B akcniepuMeHTATBHBIX MOJIEJISIX OCTPOU TTOY€eY-
HOU HEIOCTATOYHOCTH 17 Yiv0 allONTO3 [TOYEUYHBIX KJIe-
TOK ITPOMCXO/IUT B /IBYX pa3ubix ¢azax. [lepsas daza
aronTo3a MPOUCXO/UT HAa PaHHel craauu, Mexxay 12
1 48 yacamu 1ocJie OCTPOro UIIEMUYECKOTO Wiin Hed-
POTOKCHYECKOTrO TopaxkeHUsl mouyek. Bropag daza
aIoITO3a MPOUCXOIUT HECKOJDbKO HEH CIyCTs, BO
BpeMs (pasbl Bocctanosienus [100]. AnorTos kieTok
TyOyAAPHOTO JNUTENINS, HAYMHAIONMNACA BCKOPE
I0CJIE OCTPOTO TIOYEYHOTO COCTOSIHUS, BEPOSTHO, CI10-
COOCTBYET MOTEPE KIETOK TYOYISPHOTO SIUTEMS 1 B

maintain the proton gradient. To prevent unintentional
commencement of apoptosis, organelle starts expres-
sion Bcl-2 to oppose cytochrome C effects by prevent-
ing its translocation from mitochondria [103].

In the course of mitochondrial dysfunction, sev-
eral main members of apoptosis are released into cy-
tosol, among them procaspases, cytochrome C,
apoptosis-inducing factor (AIF), and apoptotic pro-
tease-activating factor-1 (APAF-1). Formation of
multimeric complexes of cytochrome C, APAF-1 and
caspase 9 (the so-called apoptosome) later activates
caspases causing cell death [28].

In the molecule of cytochrome C, four phospho-
rylation regions were discovered, which possess many
functions including apoptosis regulation. Protein phos-
phorylation is typical for cells experiencing stress, but
it can be less active in case of cancer [53]. Nowadays,
the role of phosphorylation of cytochrome-C- oxidase
and cytochrome C is studied in the context of human
diseases including cancer, inflammation, sepsis,
bronchial asthma, and ischemia/reperfusion observed
during myocardial infarction and ischemic stroke [107].

The Role of Reactive
Oxygen Species in Apoptosis

Apoptosis is necessary for normal functioning
and survival of human body. However, the morpholog-
ical and biochemical characteristics of apoptosis
changed little in the course of evolution. Recent stud-
ies have shown that reactive oxygen species (ROS)
and the oxidative stress arising at their background
play a key role in apoptosis [7, 24]. The molecular
products of O,, reactive oxygen species (ROS), cause
damage of DNA strands, oxidation of lipids and amino
acids residues in proteins that alter the structure and
activity of enzymes, ion channels, and other protein
molecules. Alteration of the membrane protein struc-
ture may increase membrane permeability for Ca?*ions.
Besides, ROS are capable of activation of caspases. In-
creased intracellular concentration of Ca*" and caspase
induction might launch apoptosis. ROS play a special
role in tissue damage resulting from transient ischemia
that is accompanied by increased production of super-
oxide radical and hydrogen peroxide [94]. Antioxi-
dants and thiol-containing reducing agents, such as
N-acetylcysteine, and excessive expression of superox-
ide dismutase can block or slow down apoptosis. It has
been shown that Bcl-2 protein prevents cell death from
apoptosis, apparently, through anti-oxidative mecha-
nism [10]. Therefore, ROS and subsequent cellular
redox changes might be a part of the signal transmis-
sion pathway in the process of apoptosis.

Excessive production of free ROS leading to the
oxidative stress in a biological system is related to the
pathogenesis of various human inflammatory diseases.
Though inflammation might act as a defense mecha-
nism during the action of xenobiotics, it can havily
damage cells [93]. If the level of ROS exceeds the
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nocseyionieit ux qucynkiuu. Harporus, arnonrtos,
CBSI3AHHBIN ¢ (ha30il BOCCTAHOBJIEHUS, CIOCOOCTBYET
PEMOZIETUPOBAHUIO TOBPEXKIEHHbIX KAHAJIbIIEB U
obJieryaet uX BO3BPAIEHNE B HOPMAIBbHOE CTPYKTYP-
Hoe 1 (pyHKIMoHaIbHOe cocTtosime [101].

B cBsi3u ¢ atuM, TepaneBTHYECKIE BMEIIATEb-
CTBa, KOTOPbIE MHTUOUPYIOT ATOTNTO3 WU CIOCOO-
CTBYIOT €r0 Pa3BUTHIO TP PABIUYHBIX KPUTUIECKUX
COCTOSTHUSIX, IMEIOT MOTEHIIUAT JIJIsT MUHUMU3AINH
MOBPESKIAIONIET0 BO3MEHCTBUS U YCKOPEHHST BOCCTA-
HOBJIEHUS TTAIIMEHTOB [ 24].

PCI‘yJIHTOI)IJI MHUTOXOH/APHUAJTBHOI'O
AllONITUYECKOTO ITYTH

Ynensl cemeiictsa Bel-2 apisiores BaskHbIMU
peryJiaTopaMu MUTOXOH/IPUATIBHOTO allONTOTHYECKO-
ro MyTH U BKJIOYAIOT AaHTUAMIONTOTUYECKUE OEJIKU
(Bcl-2, Bel-xL, Mcl-1, Bel-w, A-1) u mpoanontoruye-
ckue 6enkn (Bax, Bak, Bid, Bad, Bik) [102]. Cemeii-
crBO Bel-2 6b110 Ha3BaHO B 4eCTh reHa, y4acTBYIOIIEro
B dopmupoBannu B-kierounoii sumdombr (Bcl).
CewmeiictBo Bel-2 cocrout us tpex pyHKIMOHAIBHBIX
rpym. Ynenst nepsoii rpymst (Bel-2, Bel-xL, Bel-w)
00J1a/1a10T AaHTUATIONITOTUYECKON aKTUBHOCTBIO. BTO-
pasi ¥ TPeThd TPYIIIBI COCTOAT U3 TPOATIONTOTUYECKUX
uyjenos cemelicrsa Bel-2 — Bax, Bak, Bok, Bel-xS u
Bik, Blk, BimL, Bid, Bad, coorsercraenmo [103].

B aToii cB431 ciieryeT OTMETUTD, YTO TIPOU3BO/I-
ctBO AT He sBJIsSIETCST €AMHCTBEHHON BAXKHON (DyHK-
e, KOTOPyIO BBIMOJHAIOT MUTOXOHAPUU. MuTto-
XOH/IPUHU SBJISIOTCS SKU3HEHHO BAKHBIM KOMIIOHEHTOM
KJIETOYHOH TPAHCAYKIMOHHON CeTH, KOTopas CIrocob-
Ha MHUIMUPOBATH allONTO3 U, CJAEN0BATEIBHO, IIPO-
rpamMmMupoBarb rubeib kiaetok [40, 41, 43, 104, 105].

OCHOBHBIM GEJIKOBBIM CUTHAJIOM, KOTOPbBII HHU-
[UUPYET HTOT MPOIIECE, ABJIsIETCst TUTOXPOM C-6estok,
[EPEHOCIIUN  JEKTPOHBI M BBICBOOOKIAIOIIUI
XUMUYECKHUE MEeCCEH/IKEePbl, KOTOPble aKTUBUPYIOT
KacIia3bl 1 3a1ycKaioT nporpammy arontosa [ 102, 106,
107]. MHUTOXOHAPHH IIOCTOSTHHO 0OECIIeYnBaIOT KJIeT-
Ky 2Hepruei, nojanep;kuBas MPOTOHHBINA I'PAJNEHT,
KOTOPBIN ucmoib3yercs ajst nupespaimennss A/[D B
ATO® ¢ nomotnpio ATD-cunrassr. Bvecte ¢ Tem opra-
HeJLIa CIocoOHa BAUATH Ha KJIETOUHYIO TiOe b O1aro-
Japs MaCCOBOIT 9KCIPECCHHU TEX JKe MEMOPAHHBIX OeJI-
KOB, KOTOPbIE OCYIIECTBJIAIOT MEPEHOC 3JIEKTPOHOB
JUIST TIOJIJIEPsKaHUsT TIPOTOHHOTO rpajinerTa. YTo0bt
PEOTBPATUTD HellpelHaMepeHHOe HaYaJlo arolTo3a,
opraHeJia BKJIodaeT akcnpeccuio Bel-2 st nporu-
BojieiicTBud apdexrTon ruToxpoma C, npegorBparias
€ro TpaHcjaokaiuio u3 mutoxonapui [103].

B niporiecce MmutoxonipuaibHON AUCHYHKIINY B
IUTO30JIb BBIIEJAIOTCS HECKOJBKO OCHOBHBIX y4acT-
HUKOB allolTo3a, BKJI0Yas 1pokaciasbl, uToxpom C,
anonrro3-unayupyiomuil axrop (AIF) u anonroru-
yeckuil poreas-akrusupyiomuii pakrop-1 (APAF-1).
DopmupoBane MyJIbTUMEPHBIX KOMILIEKCOB IUTO-
xpoma C, APAF-1 u kacnassl 9 (Tak HasbiBaemast

level of antioxidant mechanisms, the content of pro-
oxidative products increases, oxidation processes be-
come more active, inflammation becomes
uncontrollable and may take the chronic form [54]. It
would be logical to assume that at the normal level of
inflammatory processes, apoptosis is a regulated ben-
eficial factor. At the same time, apoptosis induction
dysregulation through increased production of ROS
might lead to excessive strengthening of apoptosis, re-
vealed in the pathogenic mechanisme of HID. It seems
that in this complex system — ‘inflammation-apopto-
sis” — it is necessary to maintain a well-regulated bal-
ance. Antimicrobial peptides (AMP) might be a factor
for maintaining such balance [66]. It cannot be ruled
out that in the development of new drugs for HID,
AMP might be promising candidates thanks to their
size, numerous properties, and a wide range of biolog-
ical effects including effect on causative pathogens re-
sistant to antibiotics [75].

All three functional phases of apoptosis are under
the regulatory control influence. Recently, the amount
of evidence proving close relation of oxidative stress
and apoptosis to physiological phenomena and critical
state pathophysiology is growing [49].

Apoptosis Suppression

The family of proteins inhibiting apoptosis plays
a protective role during the apoptotic process. Expres-
sion of inhibiting apoptosis proteins (IAP) is regu-
lated at the transcription and post-transcription
levels. For example, heat-shock proteins (HSP) —
Hsp70 and Hsp27 — protect cells from stimuli causing
their death [7, 12]. Hsp70 expression is typical for cells
featuring high resistance to death caused by the tumor
necrosis factor, oxidative stress, ceramides, excessive
expression of caspase-3. It has been shown that Hsp70
can protect cells from apoptosis caused by TNF effect,
after activation of effector caspases, and delay the
process of death caused by cytochrome C [107].
Hsp70 can also oppose apoptosis by inhibiting AIF
[63]. The antiapoptotic activity might also be related
to prevention of stress-kinase activation, namely, with
the complex of ¢c-Jun N-terminal kinase/stress-acti-
vated kinase protein and p38/mitogen-activated pro-
tein kinase (MAPK) [94].

It is known that HSP modulate the effects of in-
flammatory cascades leading to endogenous genera-
tion of ROS and induction of apoptosis by inhibiting
anti-inflammatory factors, thus playing an important
role in the pathogenic mechanism of HID. The authors
of paper [108] suppose that a thorough analysis of the
level of HSP induction during HID, especially prior
to onset of inflammation, can help in developing a
HID treatment strategy.

Disturbance of the cell death mechanism is a key
sign of malignant transformation of cells — a feature of
an oncological disease [44, 109, 110]. Tumor cells can
use different mechanisms to suppress apoptosis and ac-
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aroNTOCOMAa) aKTUBUPYET B MOCJIELYIONIEM KACIIa3bl,
BbI3bIBaOIIME THOENDb KIeTOK [28].

B moutekyie iuroxpoma C ObLin HaliJIeHbI Y€ ThI-
pe yuactka dochopuarpoBanus, 0b6aaaolre MHO-
JKECTBEHHBIMU (DYHKIUAMU, BKJIOYAsT PETYJISAIUIO
aronitosza. Mochopusrposanne 6eJIKOB XapaKTEPHO
JUUIS KJIETOK B COCTOSTHUY CTPECCa, OJTHAKO MOXKET ObITh
MeHee aKTUBHO 1pu pake [53]. B Hacrosiee Bpems
poatb hocopusnpoBanust UTOXpPoM-C-0OKCHA3bI U
ruroxpoma C paccMaTpuBaeTcs B KOHTeKeTe 3aboJie-
BaHUII YeJI0BeKa, BKIIOYAsT PaK, BOCIIAJIEHIE, CETICHC,
OGPOHXMAJIBHYIO acTMy U HIIeMUI0/pernepdysuio,
KOTOpBIe HAGJIOMAIOTCS TPU WH(papKTe MUOKap/a 1
nmemudyeckom nncyiasre [107].

PoJb akTUBHBIX (hopM
KHCJIOPO/Ia B anonro3e

AmnonTos Heo6X0UM JIJIST HOPMAJIbHOTO (DyHK-
IIMOHUPOBAHUS M BBIKMBAHUS YEJIOBEYECKOTO opra-
Huama. Oaako Mopdosorndeckue 1 OMOXMMUYECKITE
XapaKTEePUCTUKH Aol To3a B TeYEHUE 9BOJIIOIIHI MaJIO
MeHamch. HeaBuue nccmieioBanus 1MoKas3aiu, 4To
aktuBHbie opmbl kucaopoga (ROS) u Boznukaio-
muil Ha UX (oHe OKUCIUTETbHBIH CTpecc, UTrpaioT
KJTIOUEBYIO poJib B anonTose [7, 24]. Mosekyisipibie
npoayktel O, — ROS oKMCIATOT JUTTUIBI, MOTYT
obycaosnuBath nospexaenne uureit JHK, oxucssaior
cBoboHbie SH-IpyIIbl 6EIKOB, UBMEHSISA CTPYKTYPY
1 aKTUBHOCTH (hDePMEHTOB, MOHHBIX KAaHAJIOB U JIPYTUX
GeNKOBBIX MOJIEKYJI. VI3MeHeHne cTpyKTypbl GEKOB
MeMOpaH MOKET TTOBBIIIATE TIPOHUTIAEMOCTH MEMOPaH
nis wonos Ca?*. Kpome Toro, ROS crocobmb akTu-
BUPOBaTh Kacraspl. [loBbileHne BHYTPUKICTOYHOM
kontenTpanuu Ca>* v MHAYKIUS Kacia3 MOTYT 3aIyc-
Kath arnontos. Ocobyio poab ROS urpaior B I0BpeX-
JICHUW TKaHEeH B pe3yJibraTe TPAaH3UTOPHON UIIEMNUH,
KOTOPast COMPOBOIK/IAETCS TIOBBITIEHHBIM 00Pa30BaHNU-
€M CYIIepPOKCHIHOTO pajiiKaja U MePeKUCcH BOAOPOa
[94]. AuTHOKCHIAHTBI U THOJIOBbIE BOCCTAHOBUTEJIH,
Takue Kak N-aleTHJIHUCTEeNH, U CBEPXdKCIIPeccus
CYMEPOKCHINCMYTa3bl MOTYT GJOKUPOBATH UJIK
3aMeIATh aronTos. boiio mokasano, uro Bel-2, aujto-
FeHHO TIPOAYIUPYEMBIH OEJIOK, TIPeoTBpaliaeT
CMEpTb KJIETOK OT Aol To3a, IT0-BUINMOMY, AHTHOKHUC-
autenbabiM Mexanuszmom [10]. Tak, ROS u nocne-
NYIOIIHE KIETOYHBIE OKUCINTETbHO-BOCCTAHOBUTEb-
Hble U3MEHEHUSI MOTYT OBITh YaCThIO TyTH TIEpelau
CUTHAJIA B IIpoIecce aromnTo3a.

UpeamepHoe o6pazoBaHre CBOOGOIHBIX paiiKa-
J0B, ocoberro ROS, npuBosIiee K OKUCTUTETBHOMY
cTpeccy B GHOJIOTHYECKON CUCTEME, CBSI3AHO € TIaTO-
TEeHE30M U TIATOJIOTHYECKIMU COCTOSTHUSIMU, 0OYCJIOB-
JIEHHBIMU Pa3JIUYHBIME BOCTIAJIUTEIbHBIMHU 3200 1€Ba-
HUAMHU 4esioBeKa Oro XOTs BOCHAJICHUE MOXKET
BBICTYIIATh B KauyeCTBE 3AlIMUTHOTO MEXaHU3Ma TpU
NEeUCTBUH KCEHOOMOTUKOB, OHO MOKET TPUBOAUTD K
noBpeskeHunio kietok [93]. Ecamm ypoens pagnkanos
KHCJIOPO/Ia HE COOTBETCTBYET YPOBHIO aHTUOKCH/IAHT-

quire resistance to apoptotic agents. For instance, an
increased expression of antiapoptotic proteins (Bcl-2)
or mutations in the genes of proapoptotic proteins
(Bax) may be observed [102, 103].

Apoptosis defects might be the reason for survival
of epithelial cells without linking to extracellular ma-
trix, which, in case of malignant cells, promote metas-
tasing [111, 112]. Such defects provide also resistance
to cytolytic T-cells and antitumoral natural killer cells
(NK-cells) [37]. These defects play an important role
in tumor resistance to chemotherapy and radiation
therapy, increasing the cell death threshold and requir-
ing higher doses of anticancer drugs. It is considered
that successful removal of cancer cells with the help of
non-surgical aids might be achieved as a result of apop-
tosis induction [113—116]. Such inductors may include
viruses. For instance, Borna’s disease virus (BDV) is a
neurotropic and non-cytolytic virus that causes behav-
ioral problems in a wide range of warm-blooded ani-
mals. BDV induces neurodegenerative changes,
disturbing neurogenesis and impeding neuron function-
ing in the limbic system. The comparison of BDV-in-
fected cells of neuroblasoma SH-SY5Y by two original
BDV strains (human strain Hu-H1 and laboratory
strain V) revealed that both groups of cells infected by
BDV strains featured reduced proliferative activity and
cell cycle block compared to the control (not infected)
group of cells. Strain Hu-H1 that demonstrated more
prominent effects did not induce apoptosis in neurob-
lastoma cells. On the contrary, strain V led to noticeable
intensification of the process of apoptotic death of in-
fected cells as early as the first infection introduction.
Western blotting technique supported increase intra-
cellular level of apoptosis activator (proapoptotic pro-
tein Bax) and decreased content of antiapoptotic
protein Bel-2 [117]. The results demonstrate that cell
infection by Borna’s disease virus suppresses prolifera-
tive activity and stimulates apoptotic death of neurob-
lastoma cells, wherein apoptosis induction depends on
the properties of a particular strain of BDV. That study
demonstrated possible approaches to inducing apopto-
sis in tumor cells with the help of virus strains.

Conclusion

Biochemical mechanisms responsible for cell
apoptosis during different critical state (traumatic, is-
chemic, and hemorrhagic brain injuries, stress-induced
immune system dysregulation, acute lung injury and
acute respiratory distress syndrome, sepsis, myocar-
dial infarction and ischemic stroke, acute renal failure)
are rather intricate. The available data allow suppos-
ing the drug effect on the apoptosis processes. In a
number of critical states, immune system cells, neu-
trophils, attracted to the site of injury or infection un-
dergo apoptosis themselves directly in tissue.
Fragments of died cells and apoptotic neutrophils are
quickly phagocytosed by macrophages or neighboring
healthy cells, bypassing inflammatory response devel-
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HBIX MEXAaHU3MOB, TO YPE3MEPHO IMOBBINIAETCS YPO-
BEHb COMEPKAHUST MPOOKUCTUTENbHBIX MPOAYKTOB,
AKTUBUPYIOTCS IIPOIIECCHI OKUCJEHUs, BOCIAJIEHIE
CTAHOBUTCSI HEKOHTPOJUPYEMbBIM U MOJKET TI€PENTH B
xpoHndeckyio ¢popmy [54]. JloruuHo moJsarath, 4To
IPY HOPMAJbHOM YPOBHE BOCIAJIUTENbHBIX IIPOIIEC-
COB aIlONTO3 SIBJISIETCS] PETYJIMPYEMbIM II0JIE3HBIM
axTopom. Bmecte ¢ TeM, IUCPeryIsIus B MHIYKITHH
aronTosa myrem ycusienus npoaykiuu ROS mosker
OPUBECTU K YPE3MEPHOMY YCUJIEHUIO AaIlolTo3a,
BbIgBIsIeMOMY B ratoreHeze HID. Tlo-Bugumomy, B
9TOM CJIOXKHOW CHCTEME <«BOCIAJEeHUEe-AIONTO3»
HE0OXOIMMO TIOJIEPAKUBATE XOPOIIO OTPEryIHPOBAH-
HbIit Gamanc. MakTopoM moepsKaHus Takoro Gama-
ca MoryT ObITh aHTHUMUKpOOHbIe Hentuabl (AMP)
[66]. He uckirouyeno, 4yto 1pu paspaboTKe HOBBIX
sekapetB st stedernus HID, AMP cmoryt ciryxuthb
HEePCIEKTUBHBIMU KaHIUIATAMK M3-32 X Pa3Mepa,
MHOKECTBEHHBIX CBOICTB CBONCTB, IMPOKOTO CIIE€K-
Tpa 6rosornyeckx a(hheKToB BKIOYASA BO3/IEiiCTBIE
Ha Pe3MCTEeHTHbIE K aHTHOMOTUKAM BO30yauTenn [75].

Urak, Bce Tpu hyHKITMOHATIbHBIE (Da3bl ATIONITO3a
HAXOJATCS TO]] BJIUSHIEM PETYJISITOPHOTO KOHTPOJIS.
Takum 00pazoM, B MOCJIe/IHee BPEMST YBEJIMUHNBAETCS
KOJIIYECTBO JOKA3ATENIbCTB, CBU/IETETBCTBYIONIUX O
TOM, UTO OKHMCJIUTEIbHBII CTPECC U AIIOTITO3 TECHO CBSI-
3aHbI ¢ OU3MOTOTUYECKUMHU SIBIEHUSIMU ¥ € ATODU-
3UO0JIOTHEN KPUTUYECKUX cocTosTHMi [49].

HOZ[aBJIeHI/IC allonTo3a

CewmeiicTBO 6€IKOB, MHTUOUPYIONIUX aTIOTTO3,
UTpaeT 3alUTHYIO POJIb TP AlIOIITOTUYECKOM I1PO-
ecce. YpoBeHb 9KCIPECCUr GEJIKOB — UHTHOUTOPOB
aronto3a (IAP) perynmupyercst Ha TpaHCKPUIIIMOH-
HOM U TIOCTTPAHCKPHUIIIMOHHOM ypoBH4AX. Harpumep,
6exu rertosoro moka (BTII) — Hsp70 u Hsp27
3AIUIIAIOT KJIETKH OT BBI3BIBAIOIIUX UX TUOEb CTH-
MysoB [7, 12]. dxcnpeccusi Hsp70 xapakrepua s
KJIETOK C BBICOKO YCTONYUBOCTBIO K THGEJIH, BHI3BAH-
HOHM (haKTOPOM HEKPO3a OIYXOJIM, OKUCIUTETbHBIM
CTpeccoM, TepaMujiaMu, U30bITOYHON IKCIpeccueit
kacnasei-3. [Tokazano, uro Hsp70 mokeT 3ammTuTh
KJIETKHM OT allollTo3a, BbI3BaHHOTO aeiictBueM TNE,
nocJie akTuBanuu 3G HeKTOPHBIX Kacnas v 3ajiepKaThb
npotuecc rubenu, BozBanubiil muroxpomom C [107].
Hsp70 Takske MOKeT IPOTUBO/IENCTBOBATH allONTO3Y
nyreMm nHrnéuposanus AIF [63]. Takke anTuamonro-
THUYECKasT aKTUBHOCTh MOKET ObITh CBsI3aHA C MPEJI-
OTBpAllleHUEM aKTUBAIIUU CTPECC-KNHA3, a UMEHHO: C
KOMILJIEKCOM c-Jun N-TepMuHaibHad KuHasa,/cTpecc-
AKTUBUPOBAHHBII OeIOK KiHa3bl U P38/ MUTOreH-
akTuBupoBannasg nporennkuHaza (MAPK) [94].

Nssectno, yro BTIHI monxymupyioTr acddexTb
BOCIIJINTETHbHBIX KAaCKa/I0B, IPUBOJALIINX K 9H/IOTCH-
Hoii rerepaiu ROS n MHAYKIIMYM aonTosa 1mocpes-
CTBOM MHTUOUPOBAHUS MTPOBOCIAUTENBHBIX (DaKTO-
POB, TEM CaMbIM MTpasi BaJKHYIO POJib B I1aTOTeHe3e
HID. Asropsi pa6orst [108] npeanosaraior, 4To Tiia-

opment, which assists fast regeneration of the dam-
aged tissue. The process of phagocytosis of apoptotic
bodies by macrophages is regulated via receptors on
the surface of those cells. Development of methods to
manage the endogenous apoptotic processes, including
induction of apoptosis with drugs, possesses a thera-
peutic potential and, therefore, is a relevant direction
of further contemporary scientific research.

TesbHbIN ananu3 ypoBHsa uHaykiug b T npu HID,
0COGEHHO JI0 Havajia BOCTIATICHUsI, CMOJKET TOMOYb B
paspaborke crpareruu jederns HID.

Hapymrenne Mexanusma KJI€TOYHONH CMEPTH —
KJIIOYEBOW MPU3HAK OHKOJOTUYECKOTO 3a00I€BaHUs
[44, 109, 110]. OmyxoJieBbie KIETKN MOTYT UCITOJTh30-
BaTh PA3JMYHbIe MEXAHU3MBI JIJIs1 TIOIABJIECHIIS aTlol-
TO3a ¥ MPUOOPETEHUST YCTOWYNBOCTH K AllOTITOTIYE-
ckuM areHtam. Hampumep, MoxkeT HaGIOAATHCS
TIOBBITIIEHHAS HKCTIPECCUST AHTHATIONTOTIHYECKIX Ges-
koB (Bcl-2) wim MyTanuu B reHax mpoanonToTuye-
ckux Gekos (Bax) [102, 103].

JlecheKThI aronTo3a MOTyT 06YCIOBUTh BHIKHBA-
HYE STIUTETUATLHBIX KJIETOK 6€3 TIPUKPETIIICHUS K BHE-
KJIETOYHOMY MATPHUKCY, YTO B CJIy4ae 3J0KAUECTBEH-
HBIX KJETOK CIIocoOCTBYeT MeTtacTasupoBanmio [111,
112]. 91i medexThl TakxKe 06GECIeUnBAIOT YCTONYMN-
BOCTH K IIUTOJTUTUIECKUM T-KJIeTKaM U TIPOTUBOOITY-
XOJIEBBIM €CTeCTBeHHBIM KJieTKaM-kustepam (NK-
kaeTkn) [37]. tn redeKThl UTPaoT Ba)KHYIO POJbh B
YCTOWYMBOCTH OITYXO0JIel K XUMUOTEPAITUU 1 JTy4eBOI
Teparuu, yBEJTUUUBAS MTOPOT THOETU KIETOK U TPeOyst
GoJIee BBICOKHX /103 MTPOTUBOOITYXOJIEBBIX TIPEMapaToB.
Cunraercst, 4TO yCIENTHOE yaTeHNe PAKOBBIX KJIETOK
C MOMOTIBI0 HEXUPYPTUUECKUX CPEJICTB MOKET GBITH
NOCTUTHYTO B pe3yJibTaTe WHIYKIUU amloITo3a
[113—116]. OgnuM u3 TaKUX WHAYKTOPOB MOTYT
SBUThC BUPYCHL. Tak, Bupyc 6osesnn Bopua (BDV)
IpeacTaBsgeT cOO0M HEHPOTPOIIHbINA U HEIUTOJIUTH-
YeCKWil BUPYC, KOTODPbII BBI3bIBAET TTOBEIEHUECKUE
paccTpoiicTBa y HIMPOKOTO KPyra TEIIOKPOBHBIX
BuioB. BDV wunpynupyer HeipojerenepaTuBHbIe
U3MEHEHUsT, HapyTias HeliporeHes u 3aTpyaHsIsd QyHK-
IIMOHUPOBAHUIO HEHPOHOB B JIMMOUUYECKON CHCTEME.
[Ipu cpaBaenun BDV-unbuiinpoBaHHbIX KJIETOK HEN-
pob6aacrombl  SH-SY5Y  zaByMs OpUTHMHAJIbHBIMU
mrammamu BDV (uenoBeuecknm mrrammom Hu-H1 n
J1aGoPaTOPHBIM IITAMMOM V') BBISIBUJIN, 4TO 00e MH(H-
HUpoBaHHbIe mMTaMMamy BDV rpymibr kieTok obJia-
JIaJTV CHDKEHHON TTposindepaTnBHON aKTUBHOCTBIO U
OCTAHOBKOI KJIETOYHOTO IIUKJIA TI0 CPABHEHHIO C KOHT-
poJibHO (He3apakeHHOH ) TPYIIoi KiaeTok. [Ipu atom
mraMMm Hu-H1, mokasasmuii Gojiee BbIpasKeHHBIE
a(dexTh, He MH/LYIIMPOBAJ AIIONITO3 B KJIETKAX HEHPO-
6acrombl. HapoTus, mtamMmm V MPpUBOANI K 3aMeT-
HOMY YCHJICHHUIO MPOTIECcca armonTOTHYECKOH THOeH
3apaskeHHBIX KJIETOK Y>Ke TIPU TIEPBUYHOM HHMUIIIPO-
BaHuu. BecTepH-610T-aHAIN3 TTOATBEPANIT yBETNYe-
HI€ B KJIETKAX YPOBHSI IPOAIIONTUYECKOTo Oerka Bax,
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SBJISAIONIETOCS aKTUBATOPOM arlolTo3a, a TAKKe CHILKe-
HUE COIEPKaHNsT AHTHAIONTOTIYecKoTo Geaka Bel-2
[117]. PesysbraThl CBUIETENBCTBYIOT O TOM, YTO
uHbEKINA KIeTOK BUpycoM bosiesnn Bopha npuBoanT
K TI0ZIaBJICHUIO TIPOJIN(epaTUBHON aKTUBHOCTH U CTH-
MYJISIIIN ATTONITOTUYECKOH THOEN KIeTOK Helipobiia-
CTOMBI, TIPY 3TOM MHJYKIIMS aronTo3a 3aBUCHUT OT
CBOMCTB KOHKPETHOTO ITamMa Bupyca BDV. /lannoe
uccaeoBaHue  IPOJIEMOHCTPUPOBAJIO  BO3MOJKHDIE
TOJIXOJIbI K BO3MOKHOCTAM MH/YKIIMN allONTO3a B OITY-
XOJIEBBIX KJIETKAX C TIOMOIIBIO TITAMMOB BUPYCOB.

3akiaoyeHue

Takum 00pazoM, OMOXUMUYECKHIE MEXAHU3MbI,
OTBETCTBEHHBIE 32 AIIONTO3 KJIETOK IIPU PA3JIUYHbBIX
KPUTUYECKUX COCTOAHUAX (TPaBMaTUYECKOM, HIIIe-
MUYECKOM U TeMOPParudeckoM IIOBPEKICHUU
rOJIOBHOTO MO3Ta, CTPeCC-MHAYLMPOBAHHOI Aucpe-
TYJIALIUNA UIMMYHHON CHCTEMBI, OCTPOTO MOBPEKIE-
HUS JIETKUX ¥ OCTPOIrO PECHUPATOPHOIO AUCTPECC-
cuHzpoMa, cemncuca, wumHbapkTa MUOKapaa u
Jluteparypa
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Dochoaunuabl CHHANTHYECKUX MeMOPaH B maToreHese sHuedaaonaTuu
NpH reMopparnyecKom moke (00630p)
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Phospholipids of Synaptic Membranes in the Pathogenesis
of Encephalopathy During Hemorrhagic Shock (Review)

Galina F. Leskova

Scientific Research Institute of General Pathology and Pathophysiology
8 Baltiyskaya Str., Moscow 125315, Russia

KoppeKIust KJIeTOUHBIX TTOBPEKIEHU T TOIOBHOTO MO3Ta, BBI3BAHHBIX MACCUBHON KPOBOTIOTEPEH, SBJISIETCS OTHOM
U3 HanboJiee TPYIHO PENTaeMbIX TTPOGJIEM TIPU TeMOPPArnyecKOM IOKe, 4TO CO3/IaeT HeOOXOANMOCTh H3YYeHUsT Me-
XaHU3MOB TAKHX MOBPEKIEHHUH C TEPCHIEKTUBOI TEOPETHIECKOTO 0O0CHOBAHUSI TTO/IXO/I0B K BOCCTAHOBJIEHHUIO (hyHK-
LII/IOHaJIbHOI‘;I AKTUBHOCTU HeﬁpOHOB. AHaJII/I3 IIPEACTAaBJIECHHBIX B CTaTbe [JaHHBIX IMO3BOJIAECT CUHUTATH, YTO
AucperyJisiiust MeTabosramMa (hochOTUIHIIOB JIEKUT B OCHOBE KK CTPYKTYPHBIX TTOBPEKAEHIH CHHATTTHYECKUX MEM-
GpaH, Tak 1 nX GYHKIMH, BKIOYAst PEIENTOPHYIO CUTHAIMBAINIO, HAPYIIEHNsT KOTOPOU IIPU TeMOPPArHYECKOM ITTOKe
npuBOIAT K sHIedanonatun. Koppekiust HochonunumaHoro coctaBa CHHAITHYECKIX MeMOpPaH MMeeT 0COOeHHY0
3HAYMMOCTD /11 TTIOBBIIeHUsT 9((OEKTUBHOCTH JIEYeHUST IIOKOTEHHBIX HapYIIeHUH (DYHKITHI TOJIOBHOTO MO3Ta.

Kantouesvte crosa: pocorunudvt; cunanmuyeckue Memopanvl; 2eMoppazuiecKutl uox

Correction of brain cell damages caused by massive blood loss is one of the urgent problems of hemorrhagic
shock, which ensures the need in clarification of mechanisms of such damages with the prospect of developing strate-
gies to restore the functional activity of neurons. Analysis of the data presented in the review suggests that the dys-
regulation of phospholipid metabolism underlies both structural damage of synaptic membranes and their functions,
including receptor signaling, the disturbances of which lead to encephalopathy in hemorrhagic shock. Correction of
synaptic membranes phospholipid composition seems to possess a potential for increasing the effectiveness of treat-

ment of shock-induced brain function disorders.

Keywords: phospholipids; synaptic membranes; hemorrhagic shock
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Beicokast panumocts [THC npu moxoreHHBIX
BO3/ICHCTBUSIX OTPEIEIISIET TPYAHOCTD PEITEHUS TTIPO-
6JIeMbl BOCCTAHOBJIECHHUSI ee (DYHKITUET TPY reMopparu-
yeckoM moke (['1II). OganMm 13 BayKHENITUX 2JIeMeH-
ToB moBpexaerus [THC B mocTpeanHmMarimoHHOM
nepuoge 'l sBasierca henomeH HEBOCCTAaHOBIEHUS
CUHANTUYECKUX KOHTAKTOB HEHPOHOB, TPOSBJISIO-
MIWICS B UBMEHEHUW CTPYKTYPHI TIPe- U MOCTCHHATI-
tudecknx memOpan [1]. VI3sMeHeHUsT pelenTopHBIX
CHUCTEM, IPOIIECCOB TeHEPAITNN U TPAHCAYKITMH CUTHA-
JIOB B TKaHW MO3Ta TIPH HapyIIEeHUsIX KPoBooOpaiie-
HUS W TOCTPEAHUMAIIMOHHOM TIEPHOIE SIBJISIOTCS
BEJIyIIIUM TTaTOTeHEeTHYECKIMM KOMITOHEHTOM MOCTH-
neMudeckoit antedanonatuu [2]. i3BecTHo, 4TO f1es-
TEJTHHOCTH TOJOBHOTO MO3Ta B 3HAYUTEJBbHOI CTETIEHH

Introduction

High vulnerability of CNS during shock-produc-
ing impacts the complexity of the problem of restoring
its functions during hemorrhagic shock (HS). One of
the most important elements of CNS damage during
HS post-resuscitative period is the phenomenon of
non-recovery of neurons’ synaptic contacts, which
manifests as the changed structure of pre- and postsy-
naptic membranes [1]. Changes in the receptor sys-
tems, signal generation and transduction processes in
the brain tissue during circulation failures and post-
resuscitative period are the leading pathogenic com-
ponent of post-ischemic encephalopathy [2]. Brain
activity is known to be largely dependent on the me-
tabolism of neuron membrane phospholipids, which
are active universal neuromodulators. Phospholipid
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onpezessieTest Metaboa3MoM ochoIUIHII0B HEHpo-
HAJIBHBIX MeMOpaH, ABJISIONUXCS aKTUBHBIMU YHU-
BEPCAIBHBIMU HelipoMoayasaTopaMu. MeTaboauThl
hochoaMmII0B CHHATITUYECKUX MeMOPaH HeliPOHOB
9P PEKTUBHO AKTUBUPYIOT MHOTHE MEMOPAHO-CBsI3aH-
Hble (DePMEHTDI, 9HIOIMTO3 U AK301IMTO3 HelipoMeua-
TOPOB, KOHTPOJUPYIOT MEXaHU3MbI TTATOTeHe3a Psijia
HelipojiereHepaTuBHBIX 3a00seBanii 3, 4]. Paspyiue-
HiTe MeMOPaHHBIX (HOCHONUTHIOB BHOCUT 3HAUYUTEb-
HBII BKJIaJl B ruGesib HePOHOB TP MATOJIOTHYECKIX
coctostHUsIX [5—7]. C yueToM U3JI0KeHHOTO, UCCIIEI0-
BaHue ocobernocTell Meraboanama GochoaunugIoB
CUHANTHYECKUX MeMOpaH B pasinunbix otenax [THC
MPEICTABIISIETCST IEPCIIEKTUBHBIM B CBSI3H € Pa3paboT-
KOI HOBBIX IT0/IX0/10B K Jieuennio ['111.

B HacrostiiM 0630pe aHATN3UPYIOTCSI MEXAHU3-
MbI BO3/IEHCTBUS HapyIeHuii Metabonusma (ocdo-
JIMITAJIOB CHHATITUYECKUX MeMOpaH 1ipu passutun [T
Ha MPOIECChl HEHPOTPAHCMUCCUU B JIOOHBIX JOJISX
TOJIOBHOTO MO3Ta M TIPOJIOJITOBATOM MO3Te. B JT06HbBIX
JI0JISIX TOJIOBHOTO MO3Ta PACIIOJaraeTcs acColuaThB-
Has 30HA KOPbL. 3HAUUMOCTb U3y4eHNS MEXaHU3MOB
HapyIIeHNd KOMIIEHCATOPHBIX BO3MOKHOCTEH KJIECTOK
npozgoaroBaroro moara 1pu 'l cszana ¢ yuactuem
€r0 CTPYKTYP B PETYJSAINHU COCYIUCTOTO TOHYCA U B
OCYIIECTBICHUN KOOPAUHAIMU MPOIECCOB KPOBOOO-
palieHus 1 JbIXaHus, a Takske ¢ GyHKIUeH peryJisaium
AKTUBHOCTH BBICHIMX OT/IEJIOB TOJIOBHOTO Mo3ra. B
MIPOJIOJITOBATOM MO3TY HAaXO/ATCS HEPBHbBIE KJIETKH,
cojiepxKaliiie Takue HelfpoMeInaTopbl Kak aleTuiaxo-
JINH, KaTeXOJaMWHBI, CEPOTOHUH, HEHPOIENTH/IbI
(BKJTIOUATOTIIE MET- 1 JieHaHKedamuH, cyberanimio P,
COMATOCTATHH, HEHPOTEH3MH, XOJICIIUCTOKMHIH, Ba30-
AKTUBHBIN MHTECTUHAJIBHBIN MENTH/I, TAaHKpeaTnye-
ckui osiutientu) [8], 4To Mo uepKUBaET CIOKHOCTD
peryasimu paborst aToro otena ITHC.

Posb MeTabosmama
dochaTnauanHO3UTOIA B
KOMIIEHCATOPHBIX M MATOJIOTHYECKHX
N3MEHEHUSIX HEMPOTPAHCMHCCUHU

Hecmotpg Ha orpannyentoe cojgep:kanue doc-
(HhOMHO3UTUAOB B KJIETOUHBIX MeMOpaHax, OHU
ABJIAIOTCS PENIAIONUMU PETYJIATOPAMU KJIETOUHBIX
(byHKIIMIT B HEPBHOI CUCTEME, BKITIOUAsT PELENTOPHYIO
CUTHAJIM3AIMIO, CEKPEITNIO, HOINUTO3 U BbIKUBAeE-
MOCTb [4, 9]. DochOMHO3UTHU/IBI TTOMOTAIOT OTIPEe-
JIATH 30HBI 9H/IONNTO3a, a TakxKe Py3nu cuHarTuye-
CKHUX BE3UKYJI, DEryJIUPYIOT PabOTy MOHHBIX KAHAJIOB,
AKTUBHOCTD KOTOPBIX JIC)KUT B OCHOBE HETPOHATBbHOMN
Bo3Oyaumoctu [10]. Hekoropsie Genku, ygacTByio-
e B MeXaHu3Max HelipoTpaHCMUCChH, crerdude-
CKHU pPaCMO3HAIOT OTpe/esieHHble MeMOpaHtbie hoc-
ounosuTubl, IpuyemM cocraB HochOnHO3UTUIOB
MeMOpaH OIpeesisieT, Kakie OeJIKHU J0JKHbI 3asIKOPH-
BaThCs. B3anMoeiicTBre 0CBOOOKIAIOIINXCS U3 TIPe-
CHHANITHYECKUX MEMOPAH MEJIMATOPOB C PEIENITOPAMU
MIOCTCUHAIITUYECKOUN KIeTOYHOU MTOBEPXHOCTU IIPUBO-

metabolites of synaptic membranes of neurons acti-
vate effectively many membrane-linked enzymes, en-
docytosis and exocytosis of neurotransmitters, control
pathogenic mechanisms of a number of neurodegener-
ative diseases [3, 4]. Destruction of membrane phos-
pholipids contribute significantly to the death of
neurons during pathological states [5—7]. It seems
promising to study the peculiarities of phospholipid
metabolism of synaptic membranes in different seg-
ments of CNS as new approaches to HS treatment are
developing.

This review analyzes the mechanisms of action
of metabolic disturbances of synaptic membrane phos-
pholipids during HS development on neurotransmis-
sion processes in the brain frontal lobes and oblongata.
The association cortex is located in the frontal lobes.
The importance of studying the mechanisms of dis-
turbed compensation abilities of oblongata cells dur-
ing HS is connected with involvement of its structures
in the vascular tone regulation and coordination of
blood circulation and breathing processes as well as
with its function of higher cerebral regulation. In ob-
longata there are nerve cells containing such neuro-
transmitters as acetylcholine, catecholamines,
serotonin, neuropeptides (including Met- and Leu-
enkephalin, substance P, somatostatin, neurotensin,
cholecystokinin, vasoactive interstitial peptide, pan-
creatic polypeptide) [8], which emphasizes the com-
plexity of this CNS segment regulation.

The Role of Phosphatidylinositol
Metabolism in Compensatory
and Pathological Changes

of Neurotransmission

In spite of the limited phosphoinositide content
in cellular membranes, phosphoinostides are decisive
regulators of cell functions in the nervous system in-
cluding receptor signaling, secretion, endocytosis, and
survivability [4, 9]. Phosphoinostides help determine
endocytosis zones and fusions of synaptic vesicles; they
regulate functioning of ion channels which activity un-
derlies neuronal excitability [10]. Some proteins in-
volved in the neurotransmission mechanisms recognize
certain membrane phosphoinositides, and the mem-
brane phosphoinositide composition determines the
anchorage of proteins. Interaction of mediators re-
leased from pre-synaptic membranes with receptors of
post-synaptic cell surfaces produces an activated re-
ceptor-ligand complex initiating stimulation of neuro-
transmission along the path operating phosphorylated
forms of phosphatidylinositol (PI).

The 1.6-2.0-fold drop of PI content is a common
pattern of phospholipid changes in synaptic membranes
of frontal lobes of the brain and oblongata at an early
stage of HS (30 min from onset of blood loss) [11, 12].
Taking into account that activation of cholino- and
adrenoreceptors is a factor stimulating phosphoinostide
hydrolysis by phospholipase C [13—16], one can assume
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IUT K 00Pa3OBaHUI0 AKTUBUPOBAHHOTO PEIENTOP-
JINTAH/THOTO KOMILJIEKCA, MHUIIUUPYIONIETO CTUMYJIS-
U0 HEHPOTPAHCMUCCUM TIO TYTH, OTEPUPYIOTIUM
bochopummposanubiMu hopmamu hochaTuganIIHO-
sutosa (DN).

OO6111eil 3aKOHOMEPHOCTHIO U3MeHeHui (pocom-
MUJIHOTO COCTaBa CUHANTUYECKUX MeMOpaH JIOOHBIX
JI0JIEH TOJIOBHOTO MO3Ta M TIPOIOJITOBATOTO MO3Tra Ha
panneit craguu [T (30 MuH oT Hauasa KPOBOTIOTEPH )
siBysiercst nagenne copepskarus OU B 1,6—2,0 paza |11,
12]. YuursiBas, 4To akTUBAIIMS XOJIMHO-, 4 TAK)KE aJIpe-
HOPEIENTOPOB ABJIACTCH (DAKTOPOM CTUMYJIATIMH TH]I-
pounza ochonnoznutuios gochomumnazoii C [13—-16],
MOZKHO TI0JIaTaTh, YTO aJ[PEHEPTUYECKAs M XOJIUHEPTH-
Yyeckasl TUIIEePaKTUBAINS, MTHUITMUPOBAHHAS MaCcCHUB-
HOM KpOBOMOTEPE, MPUBOAUT K CYIIECTBCHHOMY
HaKOIJIeHWIO TIpoayKTa pacnaza OU — unosuTo-
1,4,5-Tpudocdara, — crocobHoro akrusuposars Cat-
KaHasbl /1711 3axBata Ca’" 13 BHEKJIETOUHOTO TIPOCTPAH-
ctBa [17, 18]. [Tockomabky ruppoaus O -4-pochara n
DU-4,5-6mpocdara MOKET IPOXOAUTH IIPH KOHIIEHT-
parusix Ca?* B IUTOIJIa3Me KJIETOK, COOTBETCTBYIO-
MIMX COCTOSTHUTO TTOKOsT (0K0J10 107), B TO BpeMsT Kak
pacmierienne OU dochosmumaszoit C rpedyeT moBbI-
neHHbIX KoHlenTpanuii Ca?*, omocpesoBanHoe Mac-
CUBHOI KpOBOMNOTEpell HayaibHOEe YCUJIEHUE THIPO-
miza (HocHOMHOZUTHUAOB — HEOOXOAUMO  JIjist
nanbHelreir aktuaruu pacrnana @Y. AxruBarus
ochonnozutua-uyBcTBUTENBHON (hochommmnazbr C
MOJKET OBITh TaKKe OTOCPepoBaHa CTUMYJISIIIUEit
MeTabOTPOITHBIX [IYTAMATHBIX PEIENITOPOB, MPUYEM
MOKAa3aHa 3aBUCUMOCTb TaKOH aKTUBAIMU OT MOCTYTI-
senust Buekserouroro Ca?* [19-21].

Bxsaz B obe/iHeHre CUHATITHYECKUX MeMOpaH
DU na navanbHoii craguu [ moxkeT BHOCUTH (hoc-
(bosmmnaza A2, nposBisoNas CBOIO aKTUBHOCTD KaK
npu yBeandennu kouieHtpaiuu Ca?’, Tak u B €ro
OTCYTCTBUU P YCI0BUN Hasmuust Metabonntos DU
[22]. AkruBanusga dochonunazsl A2 otyacTu sIBJIETCS
MEXaHU3MOM, OIOCPEAYIONUM U3MEHEHUSI CBOWCTB
AMPA-4yBCTBUTEJIBHBIX IJIyTaMaTHBIX PELENITOPOB,
urpas BaXkKHYIO POJIb B TOCTCUHANITUYECKON MOJIYJIS-
uu Helporpancmuccuu [23, 24]. MokHO OTMETUTD
Takxke poJib hochosnnazer A2 B yCusieHUM CEKPEruu
HEHPOTPAaHCMUTTEPOB B HEPBHOI CHCTEME, OITOCPE/IO-
BaHHOM He3aBUCUMBIM 0T Ca®" 0CBOGOKIEHIEM JKUP-
HBIX KUCJIOT (0COOEHHO apaxua0H0BoIl ) us (ocdoin-
NUJI0B  CUHANTUYECKUX  MeMOpaH,  KOTOpoe
WHUIUUPYET CANIHUE BE3UKYJ MeINaTOPOB C aKIlell-
topoMm [25]. CuuraioT, uto dhochonunaza A2 urpaer
pelnamIyio posib B kietouHoM nospexzaennn [ITHC,
YUUTBIBAsS €€ 3HAYMMOCTD B IIPEAIIOYTUTETbHOM TH/I-
pouuze GocdoaUIII0B, COAEPKAINUX APAXUTOHOBYIO
KUCJIOTY, 06JIa/IAIOTIY 0 HCKJIIOUUTETbHOM Kak (husno-
JIOTUYECKOH, TaKk M NaTO(MU3NOJOTMYECKON BaXK-
HOCTBbIO. VI3BECTHO, 4YTO apaxuj0HOBas KHUCJIOTa
ABJISETCS PETYJISTOPOM TAKUX KJIECTOYHBIX TIPOIIECCOB
KaK aKTUBallUs TPOTEMHKUHA3bl C M MOAYJISAINA
paboThl HOHHBIX KaHa10B [22, 26—28]. Ona cTumyJim-

that adrenergic and cholinergic hyperactivation initi-
ated by massive blood loss leads to considerable accu-
mulation of PI degradation product — inositol-1,
4,5-triphosphate, — capable of activating Ca?*-channels
to capture extracellular Ca?*[17, 18]. Since hydrolysis
of PI-4-phosphate and PI-4,5-biphosphate can occur at
Ca?* cell cytoplasm concentrations corresponding to
dormancy state (about 107), while PI degradation by
phospholipase C requires increased Ca?" concentra-
tions, further activation of PI degradation needs initial
up-regulation of phosphoinostide hydrolysis mediated
by massive blood loss. Activation of phosphoinostide-
sensitive phospholipase C can be also mediated by stim-
ulation of metabotropic glutamate receptors; moreover,
the dependence of such activation on extracellular Ca%*
inflow has been shown [19-21].

Depletion of synaptic membrane PI at the initial
stage of HS may be assisted by phospholipase A2 that
manifests its activity both at increased Ca?* concen-
tration and during its absence subject to availability
of PI metabolites [22]. Phospholipase A2 activation is
partly a mechanism mediating changes of properties
of AMPA-sensitive glutamate receptors as it plays an
important role in the post-synaptic modulation of neu-
rotransmission [23, 24]. One can also note the role of
phospholipase A2 in promoting secretion of neuro-
transmitters in the nervous system, which is mediated
by Ca?'-independent release of fatty acids (especially,
arachidonic acid) from phospholipids of synaptic
membranes, initiating fusion of mediators’ vesicles
with the acceptor [25]. Phospholipase A2 is believed
to play a decisive role in the cellular damage of CNS,
taking into account its significance in the preferential
hydrolysis of phospholipids containing arachidonic
acid featuring both exceptional physiological and
pathophysiological importance. It is known that
arachidonic acid is a regulator of such cellular
processes as protein kinase C activation and modula-
tion of ion channel function [22, 26—28]. It stimulates
NMDA-receptors and assists increase of glutamate
concentration in synaptic slit as its release increases
and/or via reuptake inhibition [29, 30]. Arachidonic
acid can render direct influence of membrane integrity,
acting as a detergent.

Brain stimulation leads to increased inclusion of
phosphate into inositol-containing lipids [31]. It is
known that activated Ca?*-binding protein — neuronal
calcium sensor-1 (NCS-1), which is present both in
synaptic membranes and in synaptic vesicle mem-
branes [32, 33], interacts directly with PI-4-kinase
catalyzing the initial stage of PI phosphorylation, me-
diating its delivery to synaptic membrane and inten-
sifying enzyme activity [34]. This is accompanied by
the increased production of PI-4-phosphate — a pre-
cursor metabolite for PI-4,5-biphosphate, which is the
main substrate of phosphoinositide-sensitive phospho-
lipase C. Phosphatidic acid directly promotes synthe-
sis of PI-4,5-biphosphate during activation of
PI-4-phosphate-5-kinase [35]. Induction of activation
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pyer NMDA-perentopsl, a Takike CI0COOCTByeT
MOBBINIEHNIO KOHI[EHTPAIUY TJIyTaMaTa B CHHAIITHYe-
CKOW TIeJIW MPU YBEJIUYECHUHM €0 OCBOOOKACHUS
u/um yepes 610Kkamy obparnoro saxsata [29, 30].
ApaxuzionoBasg KHUCJI0TAa MOKET HAIPSIMYIO BO3JIeii-
CTBOBATh HA IIEJIOCTHOCTH MEMOPaH, BHICTYTIAs B Kave-
CTBE JICTEPTeHTa.

CruMyJisnus roJJOBHOTO MO3Ta TIPUBOJIUT K yBe-
JIM4EHUIO BKIIoYeHns (pocaTta B MHO3UTOJI-CO/IEPIKA-
nue smnugbl [31]. VI3BecTHO, 4TO aKTUBUPOBAHHBIN
Ca?"-cBA3bIBAIOIINIT GEI0K — HEHPOHAIBHBIN KaIbIie-
BbIii cencep-1 (NCS-1), — npucyrcrByioniuii Kak B
CUHATITHYECKUX MeMOpaHax, Tak 1 B MeMOpaHax CHHAII-
TUYECKUX Be3ukyJs [32, 33], Hanpsimyio B3auMojieii-
crByer ¢ MU-4-kuHa30M, KaTaTU3UPYIOIIei Hada b-
uyio craguio dochopumposanus DU, onocpenys ee
JOCTaBKY B CUHANTHYECKYI0O MeMOpPaHy U TOBBIIIAS
akTUBHOCTHL (pepmenta [34]. IIpu atom npoucxoaut
yBesmuennoe obpasosanue D-4-pocdara — merado-
JITA, U3 KOTOPOTO B lasibHediem obpasyercst DIU-4,5-
6udocdar, ABIAIOMNNACI OCHOBHBIM CyOCTpaToM (oc-
pounosutna-uyBcTBUTENBHON  (hochosumazer  C.
Docdaruanas KUCIOTA HAMPSIMYIO CTUMYJIUPYET CUH-
te3 DI-4,5-6udocdara npu axrusarmu DOY-4-doc-
ar-5-kunaser [35]. THAyKIINsS akTHBAIIUU HOHOTPOII-
Hbix NMDA-pereniTopoB 3amyckaeT CUTHAJIbHBIN
kackag MU-3-kunassr [36].

AxtuBanust DOU-4-kuHa3bl HEOOXOAUMA JJIST
nepeHoca pe3epBHOTO MyJia CHHANITHYECKUX BE3UKYJI
B IyJI, KOTOPBIil 6BICTPO 0CBOGOKIAETCS B OTBET Ha
runepctumyJigimio [37]. Vismenenune KoHileHTpauu
DU-4-docdaTa B akIeNTOPHOI MeMOpaHe OKa3hIBAET
BO3/IelicTBIE HAa (DU3UKO-XMMHUUYECKHE CBONCTBA OKPY-
JKEHVSI PEIENITOPOB U TAKUM 00PAa30M PEryIUpPyeT Ux
B3aNMOJIEIICTBIE C MeTUATOPHBIMU Be3uKyJiamu [38].
ITosbimenue coxpepxkannsg DU-4,5-6udocdara B
CHHANITUYECKOH MeMOpaHe TakKe CII0cOOCTBYeT
dhysun MeauaTopHbIX Be3ukyl. CsasbiBaHue GEIKOB
cuHanTUuecknx Besukysa ¢ DU-4,5-6udochatom
oTipeiesisieT creludUUHOCTb Be3UKYJIIpHON Gysun ¢
memOpanoii [31]. DI-4,5-6udocdar cnocobeTByeT
BCTPAMBAHUIO B CHHANITUYECKYTO MEMOPAHy a/larTop-
HBIX 6EJIKOB, KJIATPUHA U APYTUX (HaKTOPOB SHIOIHU-
TO3a, BKJIOYAS [UHAMUH U aKTUH-PETYJIUPYIONINe
6enxu. Metabonutsr DU-4,5-6udochara — gurau-
HEPHUbI — KOHTPOJMPYIOT 3TOT MPOIlecC, HaYuHas C
3aKOPEHNUBAHUSA MEIMATOPHBIX BE3UKYJI 10 UX TI0JI-
HOTO CIusiHuS ¢ MeMOpanoii. B pucyrersun docda-
tuauiacepuna (O C) aurauiepuabl aKTUBUPYIOT TIPO-
TenHkrHazy C, peryJupyIonlyio CUHTe3 1 CEeKPeInio
HEHPOTPAHCMUTTEPOB, & TAKKe U3MEHEHNE YYBCTBU-
tespHocTn pertentopoB [39]. Ilocne angormrTosa
nedochopunuposanue OI-4,5-6udocdara Bbi3bIBa-
€T OTCOe/IMHEeHNE KJIATPUHA, TO3BOJISIS BE3UKYJIE BCTY-
MUTh B HOBBIN Be3UKyJsIpHbIil 1iuki. MU-3,4,5-Tpu-
docdar, ypoBeHb KOTOPOro B MeMOpaHax pesko, HO
TPAH3UTOPHO YBEJNYUBACTCS [TPU KIETOYHOM CTUMY -
aauuu [40], Bo Bpems 3HIOINTO3a MeIUATOPHBIX
BE3UKYJI AeiicTByeT copmecTHO ¢ DU-4,5-6udocda-

of ionotropic NMDA-receptors starts the signaling
cascade of PI-3-kinase [36].

Activation of PI-4-kinase is necessary for trans-
fer of the reserve pool of synaptic vesicles into the pool
that releases fast in response to hyperstimulation [37].
A change in the PI-4-phosphate concentration in the
acceptor membrane affects the physical and chemical
properties of the receptors’ environment and thus reg-
ulates their interaction with mediator vesicles [38].
The synaptic membrane PI-4,5-biphosphate content
increase also assists fusion of mediator vesicles. Bind-
ing of synaptic vesicles’ proteins with PI-4,5-biphos-
phate determines the specificity of vesicular fusion
with membrane [31]. PI-4,5-biphosphate assists inser-
tion of adaptor proteins, clathrin and other endocyto-
sis factors, including dynamin and actin regulatory
proteins, into synaptic membrane. This process is con-
trolled by PI-4,5-biphosphate metabolites — diglyc-
erides — starting from mediator vesicles anchoring
until they are fully fused with the membrane. In the
presence of phosphatidyl serine (PS), diglycerides ac-
tivate protein kinase C that regulates the synthesis
and secretion of neurotransmitters and alteration of
receptors’ sensitivity [39]. After endocytosis, PI-4,5-
biphosphate dephosphorylation causes clathrin sepa-
ration, allowing the vesicle to enter a new vesicular
cycle. PI-3,4,5-triphosphate, which membrane content
rises drastically but transiently during cell stimulation
[40], acts jointly with PI-4,5-biphosphate during en-
docytosis of mediator vesicles, mediating insertion of
proteins into the synaptic membrane [31]. The role of
PI-3,4,5-triphosphate in maintaining neuron viability
mediated by activation of protein kinase B (Akt)
should also be noted [39].

AMPA ionotropic glutamate receptors mediate
excitatory transmission in the brain. Their increase or
decrease in synapses regulates the long-term synaptic
plasticity such as long-term potentiation (LTP) and
long-term depression (LTD) [36]. Endocytosis of
AMPA-receptors in the post-synaptic membrane is
controlled by stimulation of NMDA-receptors at the
background of activation of PI-4-phosphate-5-kinase
y661 [41]. Binding with adaptor protein complex 2
(AP-2) activates PI-4-phosphate-5-kinase y661 to
produce PI-4,5-biphosphate, which, in turn, intensi-
fies AP-2 insertion into the synaptic membrane. By
mediating insertion of components involved in the en-
docytosis mechanism into synaptic membranes, PI-
4,5-biphosphate stimulates the clathrin-dependent
endocytosis of AMPA-receptors. A number of mecha-
nisms underlying regulation of the transfer of AMPA-
receptors into the post-synaptic membrane are
controlled by PI-3-kinase. In particular, transfer of
AMPA-receptors containing GluA1 rises in response
to PI-3,5-biphosphate injection [42]. PI-3,4,5-triphos-
phate is the decisive factor to hold AMPA-receptors
in the post-synaptic membrane, acting very locally in
providing AMPA-receptor clustering mediated by
adaptor protein PSD-95 [41].
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TOM, OMOCPEIYsl BCTpauBaHue 6EJKOB B CHHAIITHYE-
ckyio MmemOpany [31]. Ciegyer TaksKe OTMETUTH POJIb
DU-3,4,5-tpudocdara B mopaep:KaHum KU3HECTIO-
cOOHOCTH HEHPOHOB, OIOCPEAOBAHHON aKTHBAIKE
nporennkunasel B (Akt) [39].

WNonorponubie raryramatabie perienitopel AMPA
OMOCPENYIOT BO3OYIKAAMOILYIO TPAHCMUCCHUIO B MO3TY.
Wx yBennuenune niam ymeHbliieHe B CUHAIICAX Pery-
JINPYET J0JTOCPOYHbBIE (DOPMBI IIJIACTUYHOCTH CHHAII-
COB, TaKMX Kak jloarocpounas norennuarus (LTP) u
nosrocpounas jenpeccus (LDP) [36]. 9umponuros
AMPA-pelLenTopoB B IOCTCUHANITHYECKOI MeMOpaHe
kouTposupyet ctumysiiiuss NMDA-penernrtopoB Ha
one akruarun OU-4-pocdar-5-kunasznr Y661 [41].
CassbIBaHue C aAlITOPHBIM OEJIKOBBIM KOMILIIEKCOM
2 (AP-2) aktusupyer ®U-4-bochar-5-kunazy y661
¢ ob6pasosannem DU-4,5-6udocdara, KOTOPHIA, B
CBOIO OYepe/lb, ycuianBaeT BcTpamBanHue AP-2 B
CHHANITHYECKY 0 MeMOpaHy. Omocpeyst BCTpanBaHue
B CHHANTHYECKHE MeMOpaHbl KOMIIOHEHTOB, yda-
CTBYIOIIX B MeXaHU3Me aHo1To3a, MV-4,5-6udoc-
at cTumynUpyeT KIaTpUH-3aBUCHMBIN SHAOIUTO3
AMPA-penienitopoB. Psaag Mexann3MoB, jeKamux B
OCHOBE peTyJsnuu mmepenoca perentopoB AMPA B
MOCTCUHATITHYECKYID MeMOpaHy, KOHTPOJHMPYETCS
DU-3-kuHazoit. B wacTHOCTH, TIEpEHOC PEIETTTOPOB
AMPA, comepsxamux cyobeannuiy GluA1, mosbimra-
ercs B oTBeT Ha nunektnio MU-3,5-6udocdara [42].
Pematommm akropom yaepsxxanus AMPA-perernto-
POB B TOCTCHHANTHYECKOH MeMOpaHe SIBJISIETCS
DU-3,4,5-tpudocdar, mpudem oH AeICTBYET OUEHD
JIOKQJIbHO MTPH 06eCTIeYeHUH OTIOCPEI0BAHHO afar-
TopHbiM OesikoM PSD-95 kimactepusaruu AMPA-
perentopoB [41].

MembparHbIME (HOCHONHOZUTUAAMU PETYJIUPY -
eTcst GOJIBINOE KOJIMUECTBO MOHHBIX KaHAJIOB [43—48].
ITa PeryJsius JeKUT B OCHOBE M3MEHEHUIT aKTUBHO-
CTH KaHAJIOB U 3JIEKTPUYECKO BO30YIMMOCTH HEIpo-
HOB B OTBeT Ha akTmBanuio perentopoB. OU-4,5-
O6udochar HAMPAMYI PETyJUPYeT pasJUYHbIC
MOHHBIE KAHAJBI C MMUPOKUM BaphbUPOBAHUEM UYB-
CTBUTEJIBHOCTH, U3MEHSISI X KOH(MOPMAIIIO 00BIUHO
MPU CBA3BIBAHUU C TOJOXKUTEIBHO 3apPSKEHHBIMU
ydacTKaMi OeJIKOB, JIOKAJU30BAHHBIX BOJIU3U MEM-
OpaHbl. B wacTHOCTH, OH UTPaeT PENIAOIIYI0 POJIb B
mozyaupoBaanu ¢yukiui Ca* -akruBupyemprx K-
KaHasoB 60sbioit mposoanmoctr (BKCa) [49]. Dtu
KaHAJIBI IMTIPOKO PACITPOCTPAHEHBI B PsI/ie KJIETOK Pas-
HOTO THTIA ¥ PETYJIUPYIOT MHOTHE perrafoniue (hru3no-
JIOTUYECKIE TTPOIIECCHI, BKITIOUAst HEHPOHATBHYIO BO3-
OyIUMOCTh W CUHANTHYECKYKD  TPAHCMUCCHIO.
DU-4,5-6udochat sBASIETCS TAKAKE KIFOUEBBIM PETY-
JISTOPOM aKTHBHOCTHU CeMeHCTBA TTOTEHITHAT-3aBUCH -
mpix K*-xamamoB — Kv7 [50], koTopast Bo MHOTOM
OTIPETIETSIETCS COMEPKaHeM B MeMOpaHax aToro (oc-
dhomHO3UTHIA, HEOOXOIUMOTO JIJIST OTKPHITHS KaHa-
JIOB. YTpaBJisieMble PEIeNTOPaMy, COMPSIKEHHBIMU C
G-6enkamu, kaHaabl Kv7 urpator OOJIbIIYIO POJIb B
perysisiuu - HefipoHaMbHOH  BO3OyauMocT  [43].

Membrane phosphoinositides regulate many ion
channels [43—48]. This regulation includes changes of
channel activity and electrical excitability of neurons
in response to activation of receptors. PI-4,5-biphos-
phate regulates directly different ion channels charac-
terized by a wide variability of sensitivity by changing
their conformation usually in binding with positively
charged segments of proteins localized close to a mem-
brane. In particular, it plays a decisive role in the mod-
ulation of functions of highly conductive Ca **-activated
K*-channels (BKCa) [49]. These channels are com-
mon in different types of cells and regulate many sig-
nificant physiological processes including neural
excitability and synaptic transmission. PI-4,5-biphos-
phate is also a key regulator of activity of the family
of potential-dependent K*-channels - Kv7 [50], which
largely depends on the membrane content of this phos-
phoinositide required for channel opening. Controlled
by receptors conjugated with G-proteins, channels
Kv7 play an important role in the regulation of neu-
ronal excitability [43]. Physiologically essential chan-
nels featuring transient receptor potential (TRP) form
various super-families. Most of them are non-selective
cation channels somewhat permeable by Ca?*. PI-4,5-
biphosphate assists opening of most of them by sup-
porting, specifically, TRPC4 activation, which
regulate release of neurotransmitters [51, 52]. TRPC4
mediates entry of Na* and Ca?* leading to membrane
depolarization and increasing intracellular Ca?",
which, in turn, changes cell functions. ATP-controlled
P2X-receptor ion channels that are opened by ATP
are widely expressed in neurons and form homomers
and heteromers. All functioning homomers are sensi-
tive to PI-4,5-biphosphate, at that, PI-4,5-biphos-
phate strengthens the activity of P2X-receptor
channels [43].

Data demonstrate that the increase of PT metab-
olism in synaptic membranes initiated by cholinergic
and adrenergic hyper-activation and amplified by glu-
tamatergic activation is the fundamental mechanism
of activation of neurotransmission in oblongata and
frontal lobes of the brain at the initial stage of hemor-
rhagic shock.

The initiated by neurotransmitters stimulation of
phospholipase C is regulated by guanosine triphosphate
(GTP)-activated G-protein, which connects the recep-
tor stimulus with the signal path inside the cell. Signal-
ing transduction at the background of receptors
stimulation related to activation of G-proteins is im-
peded as a result of aggravation of processes aimed at
desensitization initiated by agonist-dependent phos-
phorylation of receptors conjugated with G-proteins by
special kinases [53, 54]. Kinase stimulation disrupts
conjugation of receptors with G-proteins causing weak-
ening of agonist-receptor interaction induced activa-
tion of phospholipase, thus limiting the amount and
duration of receptor signaling. One can assume that as
HS severity progresses, mediated by kinase activation,
the agonist-dependent phosphorylation of receptors
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Du3nosornyeckyl BasKHble KAHAIbBI C TPAH3UTOPHBIM
peunenrropabiM notenruanoM (TRP) obpasyior pas/ny-
HbIE CyTepceMeiicTBa. BobIMHCTBO U3 HUX SIBJISIETCS
HeCceJIEKTUBHBIMU KaTHOHHBIMU KaHAJIAMU, C HEKOTO-
poii nponuraemoctsio aiusa Ca*'. MU-4,5-6udocdar
CMOCOBCTBYET OTKPBITUIO GOJMBIINHCTBA U3 HUX, O]
JiepkuBasd, B yacTHOCTH, akTuBarmio TRPC4, kotopbie
PETYJIUPYIOT OCBOOOKIEHNE HEHPOTPAHCMUTTEPOB [ 51,
52]. TRPC4 onocpenytor Bxox Na* u Ca?*, npuBojst K
JETIOJISIPU3AIIY MEMOPAHDI U TIOBBIIEHHUIO BHY TPHKJIE-
toyroro Ca?‘, KOTODBIi1, B CBOIO OuYepe/lb, U3MEHSIET
kiertounbie dynkiuu. AT@-ynpasisiempie P2X-
PelenTOPHbIE HOHHBIE KAHAJIBI, KOTOPbIE OTKPBIBAIOTCS
AT®, mpoKo sKCIpeccupoBatbl B HEIpoHAX U 06pa-
3YIOT TOMOMEpBI 1 reTepoMepbl. Bee pyHKIMOHMPYIO-
11e ToMoMepbl 4yBCTBUTENbHBL K DVI-4,5-6udocdary,
npudem DU-4,5-6udocdar ycunmpaer akTUBHOCTh
P2X-perentopubix kaHasios [43].

Taxum 06pa3oM, BBIIEU3TIOKEHHOE TIO3BOJISET
CUUTATh, UYTO MHUIIMIPOBAHHOE XOJUHEPIHYECKOIT 1
a/IpeHepPruYecKoil TUMEePAKTUBAIUEN U YCUJIEHHOEe
rJIlyTaMaTepriyeckKoil akTUBalueil MoBbIIEHIIe MeTa-
6osmzma DU B cHANITHYECKIX MEMOPAHAX SBJISIETCSE
(byHIaMEeHTATBHBIM MEXaHU3MOM aKTUBU3AIUU Heli-
POTPAHCMUCCHH B MTPOIOJITOBATOM MO3T€ U JIOOHBIX
JOJISIX TOJIOBHOTO MO3Ta HA HAYaJIbHOU CTAJIIH TeMOP-
ParuyecKoro mioka.

Wuuuupyemast HEPOTPAHCMUTTEPAMU CTUMY-
ssinust pocdonumnaser C peryaupyercs TyaHU3uHTPU-
dochar(I'TD)-akrusupyembim G-6eIKOM, KOTOPBIIA
COEIMHSIET PEeIeNTOPHBI CTUMYJ C CUTHAJIbHBIM
nyreM BHYTpu KjeTku. IIpoBesenue curnajioB Ha
(hoHe CTUMYJISAINY PEIENTOPOB, CBI3AHHON € aKTUBA-
1eit G-6esKOB, OCJIOKHSIETCST B PE3YJIbTaTe YCUJIEH s
IPOIECCOB, HAIPABJEHHBIX HA [ECEHCUTU3AIUIO, B
KOTOPBIX MHUIMUPYIOUIYIO POJIb UIPAET aroHUCT-
3aBucuMoe dhochopuInpoBaHie PEIENnTOPOB, COIPsI-
sKeHHbIX ¢ G-6eslkaMi, clieluaJbHbIMU KuHazaMu [53,
54]. CtumyJsiusi KuHa3 HapyIllaeT COIpsUKeHMe
perientopos ¢ G-6ejKkamu, BCIEACTBHE Yero ocyab-
JISIeTCST aKTUBUPYIOIlee BO3/ENCTBUE arOHMCTOB Ha
pellenTop-onocpeloBaHHyI0 akTuBauio gocdou-
a3, OrPAHMYNBAST BEJIMYUHY U TIPOJOJIKUTETHOCTD
pelenTopHoil curHanu3a. MosKHO 0JIaraTh, 4To
npu yroayomnennn Tskectu T onocpenoBanioe akTu-
BaIeil KMHA3 aroHUCT-3aBucuMoe dhochopunpona-
HUE COTPSKEHHBIX ¢ G-6eJIKaMu PEIenTopos, 0ciab-
agiomee crumyJsiuio docdonunaser C, sBiseTcs
peraonum GakToPOM BOCCTAHOBJIEHUS 110 Ga3aIbHO-
ro ypoBust conepxannss DU B cuHANITHYECKUX MEM-
GpaHax MPOI0JIrOBATOTO MO3Ta U JIOOHBIX JIJISIX TOJIOB-
Horo moara [11, 12].

[lpyrum dhakTopoMm cynpeccun runepaKkTuBauu
MOJIEKYJISIPHBIX COOBITHII, BbI3BAHHBIX aKTHUBAllUeEil
dhochomumasbr C u obpasoBanueM GochopUIMpoOBaH-
ueix hopm DU, siBaistercst aktusaiust docdaras [37,
40]. B yacraoctu, nnosuroi-nosmdocdar-docdaraza
4A (INPP4A) — ®U(3,4)-pochartaza — siByisieTcst
CYIIPECCOPOM TJIyTaMAaTHOI 9KCAUTOTOKCHYHOCTU B

conjugated to G-proteins that weakens phospholipase
C stimulation is the key factor for the restoring the PI
content in the synaptic membranes of oblongata and
frontal lobes of the brain to the basal level [11, 12].

Activation of phosphatases is another factor of
suppression of the hyper-activation of molecular
events caused by phospholipase C activation and pro-
duction of phosphorylated PI forms [37, 40]. In par-
ticular, inositol-polyphosphate-phosphatase 4A
(INPP4A) — PI(3,4)-phosphatase — is a suppressor of
glutamate excitotoxicity in CNS [39]. INPP4A is
present on the post-synaptic membrane and regulates
localization of NMDA-receptors and NMDA-medi-
ated exciting signaling. Hence, one cannot exclude
that at a late stage of HS, phosphatase activation is an
essential factor of decreased phosphoinostide content
in synaptic membranes and weakened phosphoinos-
tide-mediated neurotransmission.

Besides, there are at least 3 different, dependent
on cytosolic Ca?* concentration, isozymes of phospho-
lipase D, which control PI-3,4,5-triphosphate degra-
dation to inositol-3,4,5-triphosphate [55]. Activation
of PI-sensitive phospholipase D is believed to promote
short-term increase of the phosphatidic acid content
in a different way than phosphatidylcholine (PC)-sen-
sitive phospholipase D. In this connection, the role of
phosphatidic acid in intensifying superoxide forma-
tion through stimulation of NADPH-oxidase activity
is relevant [56]. However, it can be presumed that, at
the initial stage of HS development, the activity of su-
peroxides in the synaptic membranes of oblongata is
somewhat limited due to a high content of PC [11] ex-
hibiting antioxidant properties [57] in these mem-
branes. It is generally believed that the activation of
PI-sensitive phospholipase D is a risk factor for patho-
logical states.

It should be taken into account that protein ki-
nase C activated by diglycerides released from phos-
phoinostides phosphorylates submembrane substrates
and eventually internalizes AMPA-receptors of the
post-synaptic membrane with AMPA-receptors inter-
nalization leading to cell activity suppression [58]. A
similar process can be expected to develop at a late
stage of hemorrhagic shock, causing decrease of neu-
ronal excitability mediated by release of AMPA-recep-
tors from post-synaptic membranes.

At the stage of developed hemorrhagic shock
(1.5 hours from the beginning of blood loss), the PI
level in synaptic membranes of frontal lobes of the brain
doubles [12]. There are data demonstrating that during
cerebral ischemia PI-4-kinase ITIa expression in pyram-
idal neurons of the cortex decreases by 30-80% [37].
Decreased production of PI-4-phosphate leads to neu-
ropathology: viability of neurons weakens preceding
their delayed apoptosis. On the other hand, there are
data on delayed post-ischemic regional reduction of
phospholipase C expression in the brain, which is
linked to the final degradation of dendrites [59]. It
cannot be excluded that as HS severity grows, the ac-
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ITHC [39]. INPP4A naxonutcst Ha IOCTCUHAIITUYE-
cKoil Membpane, peryanpys Jokanusanuio NMDA-
petentopos u NMDA-omocpeoBaHHy 10 Bo30yK1ai0-
ntyio curHasnusanuio. CieoBaTesbHO, He UCKIIOUeHO,
yTo Ha oTxasennon ctaguu [l akruBanus docdaras
ABJIAETCS CYIIECTBEHHBIM (PAKTOPOM YMEHBIICHUS
conepxkanusi (HochonHO3UTUIOB B CHUHANTUYECKUX
MeMbpaHax u ociabiaeHus hochONHOZUTU-0TIOCPE-
JIOBAaHHOU HEHPOTPAHCMUCCUM.

Kpowme Toro, cymiecTByIoT 110 KpaiiHeii mepe 3
pasJyinyHble, 3aBUCUMbBIE OT KOHIIEHTPAIMH I[UTO30JIb-
noro Ca?" uzosnszuma dochounassl D, KOHTpoOIH-
pytomue pacrnag OU-3,4,5-rpudocdara 10 nHO3U-
T0J1-3,4,5-Tprdocdara [55]. Curraior, 4TO aKTUBALIKS
DOU-uyscrBuTenbHOl hocdoaunassl D crocobeTByeT
KPaTKOBPEMEHHOMY YBeJIUYEeHUIO cojiep:kanus ¢doc-
(haTHIHOI KUCIOTHI CITOCOOOM, OTJIMYHBIM OT TAKOBO-
ro ocharuannxonnn (OX)-ayBcTBUTETBHOM (hOC-
(hosumazer D. B cBs3u ¢ aTUM 11pejicTaBisieT MHTEPeC
posib hochaTuAHON KUCJIOTHI B yeHJIeHnn 06pa3oBa-
HUS CYIIEPOKCH/IOB Yepe3 CTUMYJISAINIO aKTUBHOCTH
NADPH-okcumassr [56]. MoskHO, 0HAKO, I10JIaraTh,
YTO AKTUBHOCTbL CYIIEPOKCHIOB B CHUHAITUYECKUX
MeMOpaHax TPOAOJITOBATOTO0 MO3ra Ha HAYalbHOM
arane passutug [l B ompenesenuslx mnpenpenax
OrpaHnyeHa n3-3a BbICOKOTO COJIEPIKAHUS B ITUX MEM-
6panax OX [11], HPOIBIAIONIEr0 AHTUOKCUAAHTHBIE
cBoiicTBa [57]. B 1esoM cUMTAIOT, YTO aKTHUBAIIHS
DU-uyscTBUTENbHON hochonunazsl D siBisieTcst
(haxTOpOM pHCKA NTATOJOTUYECKUX COCTOSHUI.

Cieyer npuHATH BO BHUMAHUE, YTO IIPOTEHH-
kunaza C, ak TMBUPOBAHHAS OCBOOOSKAAIOIIUMUCS U3
ochonnosutuoB gurautepugamu, hochopuanpy-
eT cyOMeMOpaHHble CyOCTpaThl U, B KOHIIE KOHI[OB,
nnrepHannsupyer AMPA-perentops! mocTcuHaNTH-
yecKoil MeMOpaHbl, IpudeM nHTepHansanus AMPA-
pelenTopoB MPUBOAUT K IIOAABJICHUIO KJIETOYHOM
akTUBHOCTHU [58], MOXKHO OXUIATh, YTO CXOIHbBI
IIpolece pa3BUBaeTCd Ha OTJAJIEHHOH CTaJK TeMop-
paruyeckoro 1moKa, BhI3bIBAs CHIKEHE BO30YIMMO-
CTU HEHPOHOB, ONOCPENOBAHHOE OCBOOOKICHUEM
AMPA-peLenTopos U3 noCTCUHAITUYECKUX MeMOPaH.

Ha craany pasBuTOro reMopparu4eckoro moka
(1,5 4 or Havasa KpoBororepn ) yposerb DU B cunar-
TUYECKUX MeMOpaHaX JTOOHBIX [I0JIeH TOJIOBHOTO MO3Ta
yBesimuuBaercd B 2 paza [12]. CyuiecTByIOT cBeIeHUs
0 TOM, 4TO IIPU UIIIEMHUH TOJIOBHOTO MO3Ta 9KCIIPECCUs
DU-4-kunaspr [1la B nupamMugaibHbIX HeWpOHAX
KopbI cHmkaetcst Ha 30-80% [37]. YMmenbimenne o6pa-
soBarns OU-4-bocdaTa TPUBOAUT HENPOTTATOTIOT
0CTabIAETCS AKUBHECTOCOOHOCTD HENPOHOB, TIPE/ITITe-
CTBYS UX OTCpPOUYEeHHOMY amnornTody. C Apyroii cTopo-
HBI, CYIIECTBYIOT JIaHHBIE 06 OTCPOUCHHOM TTOCTHIITE-
MUYECKOM PETHMOHATHLHOM YMEHBIIEHUH 9KCIPECCUN
ocdommmnazsr C B TOJIOBHOM MO3T€, UTO CBSI3BIBAIOT
C OKOHYATEJIbHOW Jerpagamueir aeHaputoB [59].
Takum 06pa3oM, He UCKIIOUEHO, YTO TIPHU YIIIyOJCHUN
msokectu T makomrenne MU B cunanTudecknx
MeMOpaHax JIOOHBIX J0JIei TOJIOBHOTO MO3Ta B OCHOB-

cumulation of PI in the synaptic membranes of
frontal lobes of the brain is mostly linking to the re-
duced production of PI-4-phosphate, a precursor of
phosphoinositide that controls the key neurotrans-
mission mechanisms, and weakened the activity of
phospholipase C, being a decisive factor of en-
cephalopathy development.

Phosphatidylcholine Depletion
is the Fundamental Mechanism
of Synaptic Membranes'
Structural Damage

Depletion of the main synaptic membrane phos-
pholipid - phosphatidylcholine (PC) belongs to the
key factors of oblongata synaptic membrane damage
observed at a late stage of HS development; at the de-
veloped HS stage, the PC level decreases 2-fold [11].
A number of mechanisms of PC hydrolysis modulation
have been described, both dependent on protein kinase
C activity and, on the contrary, independent on it.
Against the background of cholinergic hyperactivation
during increased requirement for acetylcholine precur-
sor, choline, stimulation of PC-sensitive phospholipase
D controlling the mechanism of acetylcholine produc-
tion from cellular membrane PC in CNS becomes es-
pecially important [60]. Protein kinase C features
duplicity of effect on the level of catalytic activity of
phospholipase D. On the one side, protein kinase C
stimulates phospholipase D (via the path that does not
require ATP), and on the other, phosphorylation by
protein kinase C of this enzyme correlates with its in-
hibition [61, 62]. Considering the energy deficit typical
for the late stages of HS, one would expect dominance
of the stimulating effect of protein kinase C on PC ca-
tabolism in synaptic membranes of the oblongata dur-
ing this period. There is also the mechanism of
phospholipase D activation that is connected to stim-
ulation of «;-adrenoceptors [63]; the role of glutamate
in the activation of PC-sensitive phospholipase A2, C,
and D has been established [64, 65].

In the synaptic membranes of frontal lobes of the
brain, the concentration of PC is decreasing (about
25%) at the initial stage of HS that is accompanied by
decrease of PI concentration [12]. In this context, ob-
servations are of interest that during aggravation of
neurotoxic processes, increased hydrolysis of P1 is the
initial step of Ca**-dependent processes resulting in
neural structural damage [4]. It has been found that
mobilization of the PI-dependent signaling path is fre-
quently accompanied by activation of PC-sensitive
phospholipase D with PI-4,5-biphosphate being a spe-
cial activator of this enzyme [66]. On the other hand,
one should take into account that activation of PC-
sensitive phospholipase D leads to increased release of
phosphatidic acid from PC. Observations of PI-4,5-
biphosphate ability to activate PC-sensitive phospho-
lipase D and data about involvement of phosphatidic
acid in the activation of PI-4-phosphate-5-kinase pro-
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HOM CBSI3aHO €O CHWKeHueM obGpasoBanuss DU-4-
ocdara — npexnmecrenHuka GocHoMHO3UTUIOB,
KOHTDPOJIMPYIONNX KJIOUeBble MEXaHU3Mbl HeIpo-
TPAHCMUCCUH, — ¥ OCTabJIeHNst aKTUBHOCTH (hoco-
sunasel C, SIBJISISACH PEMIAIOIUM (DAKTOPOM PA3BUTHS
aHIedanonaTum.

Hcromenue pochaTuimixoJMHa —
dyHaaMeHTaIbHBII MEXaHU3M
MOBPEKIEHHUS CTPYKTYPbI
CHHANTHYECKUX MeMOpaH

K kimo4eBbIM (hakTOpam MOBPEKIACHNS CUHATITH-
yeckux MeMOPaH MPOJI0JTOBATOTO MO3Ta, HabJI0/IA10-
muMces Ha oTaasieHHoM artane pazsutug [, moxHO
OTHECTH UX 0OE/IHEHIE OCHOBHBIM MeMOpaHHbIM (hoc-
dboaunugom — docharuanaxommaom (OX): Ha cra-
nun passuroro 'l yposenp DX ymenbIraercst B 2
paza [11]. Onucan psj MEXaHU3MOB MOJYJISTIUY TH/T-
posnuza DX, — 3aBUCSIINX OT AKTUBHOCTU MTPOTENH-
krHa3bl C 1, HATPOTHUB, HE3ABUCAINX OT Hee. B ycio-
BUSAX  XOJMHEPIMYECKON TUIEPaKTUBAIMUA  TIPU
MOBBIIIEHHON MOTPEGHOCTH B MTPE/IIIECTBEHHNKE alle-
TUJIXOJIMHA — XOJINHE — O0COOEHHYIO BaKHOCTH MPHU-
o6petaer crumysistiiusg O X-uyBeTBUTENBHOI (hocho-
snaszel D, KOHTPOMPYIOTel MeXaHu3M 00pa30BaHuUsT
anernnxosmna 13 MX krerounsix memOpan B ITHC
[60]. Lsia mpotenrkurasbr C XapakTepHa IBONCTBEH-
HOCTb BO3/ICHCTBUA HAa YPOBEHb KaTaJUTHYECCKOM
aktuBHOCTH (hochommazer D. C oH0# CTOPOHBL, TIPO-
tenaknHaza C crumynupyet dochomunazy D (1o
nyTu, He Tpedyiomem ATD), a ¢ xpyroit — docdopu-
JupoBaHue nporenHknHazoi C atoro dhepmenTa Kop-
peampyer ¢ ero unrubuposanueM [61, 62]. Yuursisas
aHEPreTUYecKuil 1euInT, XapakTepHbIN I OT/a-
Jgennbix ctaguit ', B aTOT meproj; MOKHO OKUAATH
npeobIalaHus CTUMYJIUPYIOTIEr0 BO3IEHCTBUSA TIPO-
ternknHazbl C Ha Kataboanam DX B cMHATITHYECKUX
MeMOpaHax mpojoaroBatoro mosra. CyiiectByer
Takke MexaHuaM aktuBaiuu dhocdommunassl D, cB4-
3aHHBIN CO CTUMYJISITINEN ¢ -alpeHopeIenTopoB [63];
yCTaHOBJIEHA POJIb ToryTaMara B aktuBanun O X-vys-
crBuTebHBIX (hochosmmaz A2, Cu D [64, 65].

B cunantuueckux MeMOpaHaX JIOOHBIX J0JEi
rOJIOBHOTO MO3Ta cHsKeHue cogepkanmst OX (okoso
25%) mmMeet mMecTo Ha HavyasbHoM atare [ u cove-
Taercst ¢ yMenbiennem konnentpainun OU [12]. B
CBSI3U C 9TUM TIPEJCTABJSIOT HHTEPEC HAbJIOIeHNS,
YTO MPU YCUJIEHWH HEHPOTOKCUYECKUX ITPOIECCOB
yBesmmuenne ruzgpoansza MU apiasiercss HavaabHON
crynennio Ca’>*-3aBUCUMBIX TIPOIIECCOB, TIPUBOISIINX
K TIOBPEKIEHUIO CTPYKTYPbI HEHPOHOB [4]. YcTanoB-
JieHo, uto Mobunsarust M V-3aBUCHMOTO CUTHAIBHO-
rO Iy TH 3a4acTyI0 COMPOBOKaeTcs aktuBarein O X-
yyBCTBUTEJNbHOU  dochosmmazer D, mnpuuem
DU-4,5-6udocdar ABJseTCs CrenraIbHbIM aKTHBA-
TOpoM aToTo (hepmerTa [66]. C apyroii cTOpoHbI, cJie-
IyeT ydecTb, uTo aktuBanus OX-4yBCTBUTETBHON
dhochomumnaszsl D MpUBOIUT K YBEITNIEHITIO 0CBOOOIK-

vided the basis of the model where production of phos-
phatidic acid and PI-4,5-biphosphate participates in
the turnover playing an important role in the fusion
of vesicles with membrane acceptors [67].

Interaction of mediators with membrane accep-
tors is believed to activate phospholipase D connected
with that membrane, resulting in the release of phos-
phatidic acid from PC, which is accompanied by in-
creased activity of  PI-4-phosphate-5-kinase
presumably localized on the acceptor membrane. The
said circumstance is regarded as a reason for the in-
creased production of PI-4,5-biphosphate activating,
in turn, PC-sensitive phospholipase D. The described
metabolic path may cause very fast changes of the lipid
composition of membranes, which are accompanied by
formation of microdomains depleted of PI and later of
PC as well. At the developed HS stage, the synaptic
membrane PC content in frontal lobes of the brain be-
comes normal [12]. This might be a consequence of
complication of PI phosphorylation associated with
cerebral ischemia [37].

High biochemical activity of PC metabolites al-
lows considering decrease of the content of this phos-
pholipid in synaptic membranes among the key factors
of neuronal damage during HS. In this connection, the
role of phosphatidic acid in stimulating production of
superoxides seems significant [56]. Considering that
PC is the main phospholipid of cell membranes, one
would expect amplification of the damaging effect of
another PC metabolite — arachidonic acid.

It is known that stimulation of NMDA-receptors
by mediating release of choline from PC prevents in-
clusion of this metabolite back into PC, inhibiting
choline phosphotransferase activity, and this path of
glutamatergic activation effect precedes death of neu-
rons [68]. Consequently, at a late stage of HS, in the
synaptic membranes of oblongata there may be com-
plication of PC content recovery through formation
of cytidine diphosphate (CDP) choline, which is es-
sential in the synthesis of this phospholipid in the
brain [69]. PC depletion in synaptic membranes can
be regarded as a factor increasing non-specific perme-
ability of neurons (including for Ca?*), mediating their
swelling, at that, the oblongata is exposed to the high-
est damaging effect.

Phosphatidylethanolamine Metabolism
Dysregulation and Excitotoxicity
of Excitatory Amino Acids

In the synaptic membranes of neurons, the meta-
bolic path of phosphatidylethanolamine (PE) has a
particular physiological significance. It is controlled
by N-methyltransferase and connected with PC syn-
thesis contributing to the production of acetylcholine
precursor — choline. Increase of the PE content com-
bined with decrease of the PC fraction is a specific fea-
ture of changes of the phospholipid spectrum of
synaptic membranes of the frontal lobes of the brain

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 2



DOI:10.15360,/1813-9779-2019-2-99-114

O63opsr
|

nenns us DX docdarranoii kucnorsr. Habmonenus
o cnocobuoctu MU-4,5-6udocdara akTUBUPOBATH
OX-uyscTBUTENBHYIO (hochounazy D u ganubie 00
yuactuu pochaTugaHoil KucaoTel B aktuaiuu M-
4-docdar-5-KnHa3bl JErJan B OCHOBY MOJEJH, MPU
KOTOpOii oOpaszosanue (ocdaTunanoi kucaorsr u OU-
4,5-6udocdaTa IpUHUMAET y4acTUe B KPyroodbopore,
UTPAIOIIUM BAKHYIO POJIb B CJAUSHUM BE3UKYJ C
akuentopamu Mmembpan [67].

CunTaioT, 4TO B3aUMOJIENICTBUE MEIUATOPOB C
akienropamu MeMOpan akTusupyer dochosmnasy D,
CBSI3aHHYIO C ATOI MEMOPAHOI, YTO TIPUBOIUT K OCBO-
6o aennio gpocdaTuanoii kucaorsr us DX, corrpoBox-
naroniemycst nopbiiienneM aktusnoctn MU-4-doc-
bar-5-KIHA3bI, TIPE/IIONOKUTETBHO JIOKATIM30BAHHOIM
Ha aKIenTopHOil MeMbpane. YKasaHHOe 00CTOATE b+
CTBO PACCMATPUBAIOT B KAUECTBE IIPUYNHBI YBeJIYe-
Hust obpasoBanust DU-4,5-6udocdara, ak THBUPYIO-
mero, B cBoio o4epenb, DOX-uyBCTBUTEIHHYIO
dochommmazy D. Onucanubiii MeraboandecKuil
IyTh MOKET BBI3BIBATH OYEHb OBICTPHIE U3MEHEHUS
JIMTIAIHOTO cOCTaBa MeMOPaH, COMPOBOKIAIOIIHECST
obpasoBaHueM MUKPOJIOMEHOB, obenHenubix D, a
B nanpueiimem — u ®X. Ha craguu pazsurtoro '
cozepxkanne DX cunanrudyeckux MeMOpaH JOOGHBIX
Jl0Jielt TOJT0OBHOTO Mo3ra HopMasuayetcst [12]. Yka-
3aHHOE 0OCTOSATENBCTBO MOYKET ABJIATHCS CJIE[CTBU-
€M CBSI3aHHOTO C WIIeMUeil MO3ra OCJOKHEeHHeM
bochopumuposanus OU [37].

Boicokast 6MOXMMHUYECKass aKTUBHOCTh MeTabo-
autoB DX 1M03BOJISIET PacCcMATPUBATh CHUKEHUE
coziep:kanus aToro (ochonunuaa B CHHAIITUIECKUX
MeMOpaHax cpeu KI0YeBbIX (GakTOPOB MOBPEsKIE-
Hus Heiiponos nipu ', B aToii cBg431 BaskHOI 11pej-
cTaBJIsIeTCs posib hocdaTUAHON KUCTOTHI B CTUMYJIsi-
uu obpasoBanus cynepokcuos [56]. YuursiBas,
y1o DX sBISIETCS OCHOBHBIM (DOCHOTUITUIOM KJle-
TOYHBIX MeMOpaH, MOXKHO OKUAATh YCHJIEHUS
MOBPEK/IAIONIEr0 BO3/EHCTBUST IPYTOro MeTaboIMTa
DX — apaxuI0OHOBOI KUCJIOTBHI.

UsBectHo, uto cTumyisaiust NMDA-petento-
poB, ottocpenys ocoboskaerue xonuua usz X, mpe-
[ATCTBYET BKJIIOUEHHUIO ITOTO MeTabosuTa 06paTHO B
DX, uHrnbupyst ak THBHOCTH XosuHdochoTpancde-
pasbl, IPUYEM ITOT IyTh BO3AEICTBUS IIyTaMaTep-
IHYECKON aKTUBAIUU TIPELIECTBYET riubeu Heitpo-
HoB [68]. CuemoBaTenbHO, HE UCKIIOUEHO, YTO HA
orpanennoii craguu T B cunanTyecknx Mmemopa-
HaX IPOJIOJITOBATOr0 MO3Tra IMEET MECTO OCJIOXKHe-
Hue BoccranoBsenus coxepxkanusd DX mo nytu
obpasoBanus nuruanaaudochar(I1JD)-xomuna,
SIBJISIIOIIETOCS] OCHOBHBIM IIPU CUHTe3e 9TOro docdo-
JIMIAAA B TOJ0BHOM Mosre [69]. ObenHenue cuHai-
tudeckux Mem6pan DX MOKHO paccMarpuBarh B
KauecTBe (paKTOpa yBeJIMUeHus Hecreruduieckoii
MIPOHUIIAEMOCTH HEHPOHOB (B ToM uncie st Ca?t),
orocpeyiotiei nx Habyxanue, IpudeM HanbOoJIble-
MY TIOBPEXKAAIONIEMY BO3/EUCTBUIO IIOJBEPTAETCS
MPOIOJITOBATHIIT MO3T.

and oblongata during HS development [11, 12], which
does not eliminate the possibility of slowing down PE
methylation in nerve terminals. This circumstance
might be associated with accumulation of cytoplasmic
Ca?" observed in neurons during massive blood loss
[70], which suppresses the activity of phos-
phatidylethanolamine-sensitive N-methyltransferase
[71] and is followed by further complication of PC
production. N-methyltransferase is assigned as a spe-
cial part in the regulation of neuronal activity. In par-
ticular, PL methylation is considered critical since the
neurotransmission mechanism is mediated via amino
acids [72]. A high level of phospholipid methylation
in synaptic membranes is accompanied by reduced
capture of excitatory amino acids (EAA) by nerve ter-
minals while at a low level of phospholipid methyla-
tion, the EAA capture inhibition decreases [72].
Hence, PE accumulation in synaptic membranes dur-
ing HS development might be accompanied by quali-
tative changes of the environment of synaptic
membrane shuttle molecule by metabolites of this
phospholipid, which are required for normal function-
ing of the system of high-affinity capture of mediator
amino acids, thus, facilitating EAA interaction with
receptors. Presumably the disturbance of the mem-
brane PE metabolism in frontal lobes of the brain over
the whole period of HS development and in oblongata
at a late stage of the shock is the decisive mechanism
of neurotoxic damage of neurons.

Dysregulation of Phosphatidyl Serine
Metabolism and Encephalopathy

Phosphatidyl serine (PS) is a phospholipid of
opiate receptors capable of binding opioid peptides.
Taking this fact into account as well as observations
of inhibited capture of opioids by receptors under the
action of PS-sensitive carboxylase on synaptic mem-
branes [73], it can be presumed that PS depletion of
synaptic membranes of the oblongata (2.4-fold 1 hr.
after a blood loss begins), and on the frontal region of
the brain (2-fold 1.5 hrs. after a blood loss begins) [11,
12] is combined with decreased binding of endogenic
peptides with receptors. Information about PS con-
tent reduction in synaptic membranes during HS is
consistent with the idea that cholinergic hyper-acti-
vation accompanying, in particular, a massive blood
loss leads to lessening the effect of opioid peptides on
the brain neurons by decreasing their specific binding
within the cell membrane [74]. On the other hand,
opioid peptides inhibit glutamate release along the
path of cell signaling mediated by activation of phos-
pholipase A2 [75, 76]. Thus, it can be assumed that PS
depletion of synaptic membranes of the frontal lobes
of the brain and oblongata is a mechanism facilitating
increased entry of glutamate into the synaptic slit and
uncontrolled release of glutamate into the extracellu-
lar space, which is observed in the brain during long-
term arterial hypertension [77-79].
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Iucpery.sius oOMeHa
dbocharuauisTaHOIAMIHA

H 9KCAHTOTOKCUYHOCTh
BO30Y:KAAI0IMMX AMUHOKHUCJIOT

B cunanTnueckux MmeMOpaHax HelipOHOB 0COGEH-
HYT0 (DU3MOJIOTHYECKYIO0 3HAUMMOCTD MPE/ICTABJSIET
MeTaboJInuecKuii  myTh  (hochaTHINIITAHOIAMITHA
(®3). Ou kourposmpyercst N-meTuntpancdepasoit u
cBsizaH ¢ cunTesoM (DX, BHOCS BKJIaJ B 0OpazoBaHue
MIPe/IIIeCTBEHHUKA alleTUIXOMMHA — XoHa. [ToBbI-
merue copepskanms DI, coveraroreecs ¢ yMeHbIIe-
aueMm goin OX — ornmunrenbHas YepTa M3MeHEHMi
hocOMUIINUHOTO CIIEKTPa CUHAIITUYECKUX MeMOpaH
JIOOHBIX JIOJIEll TOJTOBHOTO MO3Ta M IPO0JTOBATOTO
mozra ipu pazsutuu [T [11, 12], He nckovaonas
BO3MO’KHOCTH 3aMeJIJICHUS ITPOIecca MEeTUINPOBAHUS
D3O B HEPBHBIX OKOHYAHUAX. ITO OOCTOSATENBCTBO
MOJKET OBITh CBSI3aHO ¢ HAKOTLJICHUEM ITUTOTLIA3MaTH-
yeckoro Ca®*, HAbJIIOA0IIErocst B HEPOHaX IIPU Mac-
cuBHOI kpoBotmioTepe [70], KoTopoe moiaBseT akTHB-
HOCTb (hocharnaniraTaHOAMUH-IYBCTBUTETBHON
N-meturpancdepassr [71], conpoBoskaasich gaabHel-
UM ocJiokHeHneM oOpasoBatns DX, N-meTuaTpaH-
cepase 0TBOAAT 0OCOOYIO POJIb B PETYJIAIMN aKTHBHO-
CTU HEPBHBIX KJIETOK. B dYacTHOCTH, Tpoleccam
merusupoBanus DJI mpumaercs BakHoe 3HAYEHIE KaK
MeXaHU3MY Tepe/lauil HEPBHBIX UMITYJIbCOB, OTIOCPE-
JI0OBAaHHOMY Yepe3 aMMHOKUCJIOTEI [72], mocpeicTBoM
KOTOPOTO HEPBHBIE KJIETKU PETYJUPYIOT KOHIIEHTPA-
M0 aMUHOKHUCJIOT B HepoHax. BhICOKMIT YpOBEHb
METUIUPOBAaHUS  (HOCHOTUTUIOB CUHANTUIECKUX
MeMOpaH COMPOBOKAAECTCS CHUKEHUEM 3aXBaTa BO3-
Oysxpatommx amuHokuca0T (BAK) HepBHBIMU OKOH-
YaHWSIMU, B TO BPeMsI KaK IPU HU3KOM YPOBHE METH-
JupoBanust GochOUITHA0B HHIMOMPOBaHKE 3aXBaTa
BAK ymenbiaercs [72]. CiiejoBaTesibHo, HaKOILIeHUEe
D3 B cuHanTHYecKUX MeMGpaHax 1pu pasputuu [T11
MOJKET COTIPOBOKIATHCS KAUeCTBEHHBIMI M3MEHEH ST
MU OKPYKEHUSI MOJIEKYJIBI-TIEPEHOCUHMKA CHHATITHYE-
CKOI MeMOpaHbl MeTaboIUTaMu 9TOr0 (hochOTUITHIA,
HEOOXOAMMBIMH JIJIST HOPMAJIbHOTO (DYHKIIMOHUPOBA-
HUS CUCTeMbI BbIcOKoa(OUHHOTO 3aXBaTa MeinaTop-
HBIX aMIMHOKUCJIOT, oOJrerdast B3anmoseiicteue BAK ¢
pererrropamu. Takum 06pasoM, MOKHO OJIaraTh, 4To
HapyireHrne oOMeHa meMGpaHHoro M B J0OHBIX
JIOJISIX TOJIOBHOTO MO3Ta Ha BCEM MPOTSKEHUN Pa3BU-
tus 1, a Takke B TPOIOJTOBATOM MO3Te B TIO3/THE
CTaJIAW TIOKA SIBJISIETCS PENIAIOIINM MEXaHIM3MOM Heli-
POTOKCHYECKOTO MTOBPEXKAEHUS HEHPOHOB.

Iucperysius ooMeHa
docharuauiacepuna u sunedagonaTU

Gocharummicepun (DC) stBsIeTCST aHHYISIP-
HBIM (hOChHOTUTTUIOM OTTHMATHBIX PEIENTOPOB U CIIO-
coO€eH CBSA3BIBATH OMUOUIHbIE e TH b [IpuHIMast
BO BHUMAaHME 9TO 0GCTOSATENHCTBO, 4 TAKKe HabJTIOIe-
HUs1 00 MHTUOMPOBAHUHN 3aXBaTa OMUOUIOB PEIENTO-

It is known that PS plays an important role in
the protein kinase C activation mechanisms, which is
incorporated into plasmolemma thanks to ion interac-
tion and is held therein [3]. Consequently, PS deple-
tion of synaptic membranes impedes anchoring of
cytoplasmic protein kinase C therein, weakening its
activity in these segments of neurons and, as a result,
promoting increase of EAA excitotoxicity. Decrease of
PS in synaptic membranes of the frontal lobes of the
brain can be judged the key factor of encephalopathy
development during HS, because this phospholipid is
assigned an important part in the memory and cogni-
tive functions' mechanisms. Exogenous PS improves
significantly the memory, learning ability, concentra-
tion, psychoemotional state [3, 80, 81].

Therefore, it can be presumed that during HS de-
velopment, the decrease of PS content is one of the
factors amplifying degenerative processes in the
frontal lobes of the brain and oblongata due to activa-
tion of glutamate excitotoxicity. The said mechanisms
seem to render a particular damaging effect on neu-
rons of the frontal lobes of the brain at the stage of de-
veloped HS, while in the oblongata, at this stage of
HS, recovery of PS concentration in synaptic mem-
branes to the basal level takes place [11, 12].

Damaging Effect
of Lysophosphatidylcholine

Glutamatergic hyper-activation accompanied by
stimulation of phospholipase A2 seems to be the main
reason for accumulation of active PC metabolite —
lyso-PC — in synaptic membranes of the oblongata at
a developed HS stage: its level grows 3-fold [11]. Lyso-
PC is capable of causing fast entry of extracellular
Ca?" into cytosol and intensify mobilization of intra-
cellular Ca?* [82, 83]. It renders action on this process
both via stimulating phospholipase C phosphorylation
[84] and without hydrolysis of phosphoinostides by
damaging cell membranes. At the same time, lyso-PC
is known to inhibit the activity of PI-4-kinase in a
dose-dependent manner [85]. Hence, it is not improb-
able that despite the level of membrane PI consistent
with the norm [11], production of phosphorylated
forms of PI in synaptic membranes of the oblongata at
the developed HS stage decreases, being a key factor
of disturbed neurotransmission. Simultaneously,
degradation of phosphoinositides present in synaptic
membranes seems to become stronger due to increased
activity of phospholipase C. Lyso-PC exhibits the
properties of inhibitor of cytidine triphosphate
(CTP): phosphocholine cytidyltransferase — an en-
zyme which is particularly significant for PC produc-
tion in the brain [69]. At the same time, lyso-PC is
able to stimulate enzymes controlling PC catabolism:
it strengthens phospholipase D activity [86] and facil-
itates phospholipase A2 translocation from cytosol
into membrane [87]. Therefore, accumulation of mem-
brane lyso-PC can be considered as one of the reasons
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pamu pu BO3JEHCTBUN HA CHHATITHYECKHE MeMOpa-
Hbl D C-uyBcTBUTENBHOI KapOOKCUIIashl [73], MOKHO
noJsiarathb, 4to obentenne MC CMHATITHYECKUX MEM-
6pan mpozoarosaroro Mmosra (B 2,4 pasa, uepes 1 4 ot
Hayajga KPOBOIIOTEPH), a TakkKe JOOHOTO OT/esa
rosioBHOTO Mo3ra (B 2 pasa, uepes 1,5 4 oT Havama Kpo-
Boriotepn) [11, 12] coueraercs ¢ ymMeHbIlIEHUEM CBSI-
3bIBAHMST IHOTEHHBIX TENTHUIOB C PEIeNnTOPaAMU.
Ceenenust 06 ymenbinennu cojepxkanusi OC B
cuHantuyeckux membpanax npu I cormacyiorest ¢
HPeNCTABIEHUSIMU O TOM, YTO XOJIUHEPTUYECKast
TUIIEPAKTUBAIINS, CONPOBOKIAIONIAS B YACTHOCTH,
MaCCUBHYIO KPOBOIOTEPIO, TIPUBOUT K OCJAA0IEHUIO
NIeiiCTBUSI OTIMOU/IHBIX METU/IOB Ha HEIPOHBI FOJIOB-
HOT'O MO3Ta 32 CYeT YMEHbIIEHHs UX Crennduieckoro
CBA3BIBAHUS B KJI€TOUHBIX MeMOpanax [74]. C gpyroit
CTOPOHBI, OMMUOM/THBIE TIETITU/IBI ABJISIIOTCS UHTHOUTO-
pamut 0CBOGOK/ICHUSA TIyTaMaTa 110 Iy TH KJIETOUHOI
CUTHAJIN3AINY, OIIOCPEIOBAHHOI aKTuBaImei doc-
donumaser A2 [75, 76]. Takum 06paszoM, MOKHO I10J1a-
rath, uto obennenrie MC cunanTyeckux MeMOpan
JIOOHBIX JI0JIEN TOJIOBHOTO MO3Ta U MPOJI0JTOBATOTO
MO3ra SIBJSIETCS MEXaHU3MOM, CIOCOOCTBYIOIUM
YCUJIEHUIO TIOCTYILJIEHUs TJIyTaMaTa B CHHAITHYe-
CKYIO 1I[eJib, & TAK)Ke HEKOHTPOJIMPYEMOMY BbIXOY
rJyTaMara BoO BHEKJIETOYHOE TIPOCTPAHCTBO, HABIIO-
JIAeMOMY B TOJIOBHOM MO3Te TIPH JJINTeJNbHOI apTepu-
ajbHOU Tutorensuu [77-79].

N3sBecTrO, uTo O C BHINOJIHSIET BAXKHYIO POJIb B
MeXaHM3MaX aKTUBALUU TPoTenHKuHa3bl C, KoTopast
3a cueT WOHHBIX B3aumozeiicTBuii ¢ atum DJI
BCTPAMBAETCA B IJIA3MATUYECKYIO MeMOpaHy 1 yep-
skupaerca B Heiil [3]. CiezosaTenbno, obemHenue
cunarntudecknx memopan M C 3arpypHsieT 3asiKOPU-
BaHUe B HUX ITUTOINIA3MATUYECKON TIPOTENHKITHAZbI
C, ocabisis ee akTUBHOCTH B 9THX Y4aCTKaX HEHpo-
HOB, U, KaK CJIEJCTBUE, CIOCOOCTBYET MOBBINIEHUIO
akcaiitorokcununoctu BAK. Camkenne OC B cunan-
THYECKUX MeMOpaHax JOOHBIX J0Jieil TOJOBHOIO
MO3Ta MOKHO OLIEHUTH KaK KJII04eBOil (hakTop pa3Bu-
tust sunedanonatnu npu ', mockosbKy aTomy
ochonunuay OTBOAAT BAXKHYIO POJIb B MEXAHU3MAX
MaMsITH U KOTHUTUBHBIX (PyHKIINI. DK30reHHbIiT DC
CYIIECTBEHHO YJIYUIIAeT IaMsiTh, CIIOCOOHOCTH K
00y4YeHMI0, KOHIIEHTPAIMI0 BHUMAHMUSI, TICUX0IMO-
nuonaibHoe coctosiuue [3, 80, 81].

Takum 006pa3oM MOKHO MOJIATaTh, YTO TIPU Pa3-
putuu 'l cumxenne copepskanus MC B cuHanTu-
YeCKMX MeMOpaHax SIBJISIETCsI OIHUM U3 (HakTOpPOB
YCUJIEHUST JIeT€HEPATUBHBIX TIPOIECCOB B JIOOHBIX
JOJISIX TOJIOBHOTO MO3Ta ¥ TIPOJIOJITOBATOM MO3Te, CBSI-
3aHHOTO C AKTUBAINell ITyTaMaTHOI 9KCAITOTOKCHY-
HOCTHU. YKa3aHHbIEe MEXaHU3MBI, TI0-BUIUMOMY, OKa-
3BIBAIOT OCOOEHHOE TIOBPEsK/AIONIEE BO3IEHCTBIE Ha
HEWPOHBI IOOHBIX J[0JIel TOJIOBHOTO MO3Ta HA CTA/UU
passutoro ['lll, B To BpeMsi Kak B IIPOIOJITOBATOM
Moare Ha aToM atarne I mpoucxoauT BocctaHoBIie-
nue kounerrpaiun @C B cuHanTHUECKUX MeMOpa-
Hax 110 GazaabHOTO yposHd [11, 12].

for PC depletion in synaptic membranes of the oblon-
gata at a developed stage of HS.

Conclusion

Decrease of PI content is a general regularity of
changes of the synaptic membranes’ phospholipid com-
position in the frontal lobes of the brain and oblongata
at the initial stage of HS development and, apparently,
largely dependent on strengthening of cholinergic,
adrenergic, and glutamatergic stimulation. PI catabo-
lism, in turn, initiates a whole number of membrane
mechanisms activating neurotransmission, which can
be evaluated as compensative-adaptive mechanisms.
Dysregulation of membrane PI metabolism is the deci-
sive path of neurotransmission disturbance in the
frontal lobes of the brain at the developed HS stage. De-
creased metabolism of membrane PE in the frontal
lobes of the brain during the whole period of HS devel-
opment and PS depletion at the developed HS stage are
factors activating excitotoxic processes. Taking into ac-
count the nootropic function of PS, reduction of its
concentration in synaptic membranes of the frontal
lobes of the brain at the developed HS stage is likely to
be the decisive mechanism of posthemorrhagic cogni-
tive disturbances. PC depletion and lyso-PC accumu-
lation in synaptic membranes of the oblongata can be
regarded as the essential factors of damage in this region
of the brain, which evidence significance of hyper-acti-
vation of the cholinergic nervous system in the patho-
genesis of functional alterations within the CNS.
Membrane PS depletion at a late stage of HS and mem-
brane PE accumulation during the developed HS phase
demonstrate the paths of initiation of phospholipid-de-
pendent excitotoxicity of EAA in the oblongata.

Dysregulation of synaptic membrane phospho-
lipid metabolism seems to be the crucial mechanism of
encephalopathy during HS. Correction of membrane
phospholipid composition is particularly important to
improve the efficacy of treatment of shock-induced al-
terations of the brain functions.

IloBpe:xaaloniee aeiictBue
mu3odochaTHIMIX0JUHA

[myTamaTtepruveckast TUTIEPAKTUBAIIIS, COTIPO-
BOMKIAIONIASICS  CTUMYJIsAIeir  ocdosnmnaszpr A2,
SIBJISIETCS, TO-BUIUMOMY, TJIABHOW MTPUYUHOIN HAKOILTE-
HUSI B CHMHANTHYECKUX MeMOpaHaX IMPO0JITOBATOTO
Moara Ha ctaun passuroro I akTuBHOTO MeTaboJ M-
ta OX — yu30-OX: ero ypoBeHb yBETUINBAECTCS B 3
paza [11]. JIuzo-DX crocobeH BHIZBIBATH OBICTPBIN
Bxon Ca’' U3 BHEKJIETOYHOW CPEIbI B IIUTO30JIb U YCH-
JIUBaTh MOOMIM3aIio BHyTpuKIeTouroro Ca?* [82,
83]. On Bo3zelicTBYET Ha ATOT MPOIECC KaK Yepe3 CTH-
myJistiuio pochopunmmpoBanns (ocdonnmnazer C [84],
Tak 1 6e3 rugposnsa hochONHOZUTHIIOB, TIOBPEK 1A
KJIETOUHbIe MeMOpaHbl. BMecTe ¢ TeM U3BECTHO, UTO
m30-DOX  10303aBUCHMO UHTUOUPYET aKTUBHOCTD
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DU-4-kunaswr [85]. CieoBaTesibHO, He HCKIIOUEHO,
4TO HECMOTPS Ha ypoBeHb MeMbGpantoro MU, coorser-
crBytomuii nopme [11], obpasosanue dhocdopuiupo-
BaHubIX hopM DU B cuHanTIYeCKUX MEMOPaHaX MPo-
JI0JITOBATOrO0  Mo3ra Ha craguu  pasputoro [
YMEHBINACTCS U ABJISACTCS OTHIM U3 KIIOYEBBIX (aKkTo-
poB Hapymienus Hefiporpancmuccnu. OHOBpEMEHHO,
MO-BUIMMOMY, YCUJITMBAETCS PacIia]] IPUCYTCTBYIONUX
B CHHANTHYECKUX MeMOpaHax (HocHOMHOZUTUIOB
BCJIEZICTBUE yBeIMYeHUs akTuBHOCTH (pocdommmazsr C.
Juzo-DX npossIisger cBoiicTBa MHrMOMTOPA IUTHUANH-
tpudochar(IITD):pochoxommanuruanaTpanchepa-
361 — (hbepMeHTa, BHAYUMOCTh KOTOPOTO JIJIst 0Opa3oBa-
st OX B rosoBHOM MO3re 0cobenHo BbicOKa [69].
Bmecre ¢ Tem, mzo-DX criocobeH cTUMyIUPOBATh
dhepmenTsl, kKoHTpoaUpyIoiue katabonuzm DX: ou
YBeJIMUMBaeT akTMBHOCTD (pocchonmmaszer D [86] u crio-
coberByer TpaHcaokanuu pocdonniaser A2 13 1UTO-
307151 B MeMOpany [87]. CiezoBaTeibHO, HAKOILJIEHHE
MeM6panHoro Jm30-MX MOKHO paccMaTpUBATh CPE/IH
npuans ucromienns X B cHHANTHYECKUX MeMOpaHax
ITPOIOJITOBATOTO MO3Ta Ha cTaauu pazsutoro 'L

3akiaoyeHue

Cumxenne conepxanng DU apigerca obuieit
3aKOHOMEPHOCTBIO M3MeHeHUi  (HochOIUITUHOTO
cocTaBa CUHANTHYECKUX MeMOpaH JIOOHBIX JoJieil
TOJIOBHOTO MO3Ta U [IPOJIOJIFOBATOTO MO3Ta Ha HAYaJlh-
HoM atarie pazputud [l 1, mo-BUANMOMY, BO MHOTOM
OITpEJIETISAETCS yCUIeHNeM XOJMHEPTUUECKOH, a/ipeHep-
TMYECKOM U ruryTaMaTepruieckoii crumyJidaiu. Kara-
6omsm DU, B cBOIO 0Yepe/Ib, UHIULUUPYET LIEJIbIIA Psi
MeMOpaHHBIX MEXAaHU3MOB aKTUBAIMU HEHPOTPAHC-
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MUCCHUU, KOTOPbIe MOKHO OIIEHUTh KaK KOMIIEHCATOP-
HO-IIPUCIIOCOOUTEbHBIE. Jlucpery s oOMeHa MeM-
6pannoro MU — peruaromuii myTh HapyIIeHUs HEHpPo-
TPAHCMKUCCUHU B JIOOHBIX JOJISIX TOJOBHOTO MO3ra Ha
craguu passutoro I Camxenne o6MeHa MmeMOpa-
noro A3, uMeroniee MecTo B JIOOHBIX LOIAX FOJIOBHOIO
MO3ra Ha BceM npoTsukennn passurus LI, u obexnme-
uue OC na craaun paszsurtoro ' sBistioTest hakto-
pamMu aKTUBAIUU 9KCAUTOTOKCUYECKUX TiporeccoB. C
yueToM HOOTpOTHON (yHKInn D C yMeHbIlleHre ero
KOHIIEHTPAIK B CUHAITUYECKAX MeMOpaHax JOOHBIX
JoJIell TOJIOBHOTO MoO3ra Ha crtaauu pazButoro [T
TIPE/ICTABJISIETCS PEMIAIONTIM MEXaHIU3MOM ITOCTTEMOP-
parnueckux KOTHUTUBHBIX HapylieHuil. Mcromenve
DX u nakorienne mu30-OX B CUHANITUYECKUX MEM-
OpaHax IIPOAOJTOBATOTO MO3Ta MOYKHO OLEHHTh KaK
OCHOBHBIE (haKTOPBI TOBPEKIEHNS ITOTO OT/IEJIa TOJIOB-
HOTO MO3Ta, CBUJIETELCTBYIONINE O BA)KHOCTH TUTIEP-
AKTUBAIMYM XOJUHEPTMUYECKOW HEPBHOUW CUCTEMBI B
natorenese yHkimoHanbubix Hapymenuit 8 [[THC.
Hcromenne memGparnoro MC Ha oTgasenHoii cragum
'l u nakomenue Mmem6pannoro MI B ase pasBuUTO-
ro I'lIl ykaspiBaior Ha myTt mHUTIMUPOBaHUs (ocdo-
JIUTIAJI-3aBUCUMON aKcalitoTokcnunoct BAK B mipo-
JIOJITOBAaTOM MO3TE.

TakuMm 00pasoM, BBIIIEU3JI0KEHHOE TI03BOJIIET
CUNTATh, UTO JUCPEryasnus MeTadbonusma docdon-
MUI0B CUHAIITHYECKUX MeMOpaH SIBJISIETCS pelaio-
muM MexanuszMom auIiedanonatuu npu ', B TO
BpeMs Kak KOppekIus ux ¢hochogumHoTo cocTaBa
uMeeT OCOOEHHYIO 3HAYMMOCTb [JIS IOBBIIIEHMS
3 PeKTUBHOCTH JIeUeHUsT TMOKOTEHHBIX HAPYIIEHUH
(yHKI1IMIT TOJIOBHOTO MO3Ta.
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ObIMIAA PEAHUMATOJOINUA

Hayuno-npaxrudecknii skypHais «O01as peaHinMaToN0T s,
Bxojstuii B nepeuerb BAK PD, B Scopus u gpyrue 6a3bl JaHHBIX,
IpeiHa3HavYeH JJist Bpaueil aHecTe3n0I0r0B-PeaHnMATOIOT0B 1 HAYYHBIX COTPY/THUKOB.

Tematuka JKYpHaJIa: MaTOTeHE3, KIIMHWUKA, INarHOCTUKA, JIECYCHNE, HpO(bI/IJIaKTI/IKa n ImaToJiorndyecKasd aHaToOMH A
KPUTHUYECKUX, TEPMUHAJIbHBIX U TMOCTPpEaHUMaIlMOHHbBIX COCTOHHI/IfI; OKa3aHue I[OI‘OCHI/IT&]II)HOP'I ImoMomu 1pu
KPUTUYECKUX COCTOAHUAX; O6y‘{eHI/Ie HacejieHUuA 1 MEJUIMHCKOTO IIepCoHaJla IIpueMaM OKa3aHuA HEOTJIOKHOMN
ImoMomu 1mpu KpUTUYECKUX COCTOAHUAX; OIITUMU3allUA pa6OTI)I OPI/IT, IOpun4eCKrue n 3TUYEeCKre BOIIPOCHI B

obmactn AHECTE3NOJIOTNN-PEAHNMATOJIOTUN.

Aypuropust: siedeOHbIe YIPEKACHST; BbICITE YaeOHbIe 3aBeACHIsT MEUITMHCKOTO MPOMIIST; MEAUITHHCKUE
YUPEKIEHHUSI OCJEIUTIIIOMHOTO 06pasoBantist, DeiepasibHble U PErHOHATBHbBIE OPTAaHbI YIPABJICHIST 3[PABOOXPAHEHNEM,
MEIUIIMHCKUE HAYYHO-UCCIIEI0BATEIbCKIUE HHCTUTYThI; MEAUIIUHCKUE OUGINOTEKH.

IOAIINCKA

B mo60om nourosom OT/JICJIEHUH CBA3U 110 KaTaJaory «KHHra-Cemec»

* nHjieKe 46338 — /U1 MHAMBUYAIbHBIX TOATIMCYUKOB
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Errata

ERRATA

O61mas peanumarosorust. 2019; 15 (1): 47-53.

Erratum sassiedn aBTopom. ABTOp A00aBUJI
adpummarnuio.

WcnpaBnenue k crathe: « MOHUTOPUHT PEITOKC-
MOTEHTIMAJA TJIA3MBI KPOBH B TIPOIIECCE €€ KAPAHTUHU3a-
i (ipeasapuTesbHoe coobinenue)» DOIL: 10.15360/
1813-9779-2019-1-47-53

Yerseproiil 1o cuety aBrop, A. K. Ilabanos,
n0GaBII Ha ¢. 47 CBOIO MIPONYIIEHHY0 aduinaimio,
HUMEIOIIYI0 OTHOIIEHNWE K BBIMOJHEHHOU paboTe Ha
CTa/INU aHAJIN3a TAHHbBIX.

[TpaBuTbHBINT BapuaHT:

MOHHMTOPHHT PeAOKC-TIOTEHIHAA
ILIa3MbI KPOBH B IpoIecce
ee KapaHTHHU3aIu1
(mpeaBapuTebHOE COOOIMIEHHE )

W. B. Toponuaposckas', B. b. XBaTos!,
A. K. Escees!, A. K. [1Iabanos!?,
M. M. Tosnbaunt, C. C. [Terpukos!

{ HUU ckopoit nomomu nm. H. B. Crandocosckoro /I3M,
Poccns, 129010, Mocksa, bossnras Cyxapesckast 1., 1. 3
2 DeepasbHbIN HAYIHO-KJIMHITIECKUH IIEHTP
PEaHNMaTONOTHU 1 PeabUINTONOTHH,

Poccust, 107031, r. Mocksa, yor. ITerpoBka, 1. 25, cTp. 2

ERRATA

Obshchaya Reanimatologiya = General Reani-
matology. 2019; 15 (1): 47-53

Erratum is claimed by the author. The author has
added affiliation. Correction to the article: «Monitoring
of the redox potential of blood plasma during its quar-
antine process (preliminary report)» DOI:10.15360/
1813-9779-2019-1-47-53

The fourth author, A.K. Shabanov, added on p.
47 his missed affiliation relating to the work per-
formed at the data analysis stage.

The correct option is:

Monitoring of the Blood Plasma
Redox Potential during Plasma
Quarantining (Preliminary Report)

Irina V. Goroncharovskaya',
Valeriy B. Khvatov!, Anatoliy K. Evseev,
Aslan K. Shabanov!?, Mikhail M. Gol'din!,

Sergey S. Petrikov1

! N.V. Sklifosovsky Research Institute of Emergency Medicine,
3 Bolshaya Sukharevskaya Square, 129090 Moscow, Russia
2 Federal Research and Clinical Center of Intensive Care Medi-
cine and Rehabilitology,
25 Petrovka Str., Bldg. 2, 107031 Moscow, Russia

MEK/IYHAPOJIHBIN KAJTEH/IAPh KOH®EPEHIUIN
AHECTE3UOJIOTOB-PEAHUMATOJIOTOB 2019

4—6 cenrsiopst
EACTA Annual Congress 2019
Tent, Benprust « www.eacta.org

4—6 okTa0ps
1T cpesn anecTesno/I0roB-peaHMaToOIOr0B CeBepo-3allajia ¢ y4acTUeM MeIUIIUHCKUX CECTEP aHeCTe3UCTOB
n IX Banruiickuii popym « AKTyasbHbIE TPOOIEMbI AHECTE3UOJOTUU U PEAHUMATOTIOTI»
Canxkr-Ilerep6ypr, Poccust * www.anesth.ru

HOSIOPD
XI Euro Neuro
www.euroneuro2019.org
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HpaBHJIa JJIA PYCCROA3BIYHBIX aBTOPOB JKypHaJia <<O61ua;1 P€aHUMATOJNOTUI»>

C yYeTOM peKOMeH/Ialil pOCCUiicKoii Accolyaluy HayYHbIX peJakTopoB U usnareneii (PAHPIT)
u International Committee of Medical Journal Editors (ICMJE) penakuus 25.09.2018

IIpaBoBbBIE M ITHYECKUE ACTIEKTHI Iy GIUKAIH
pyKoIIUcH

YcioBust MyOIMKAIMH PYKOIUCH

— Pykonwicu 1myGamKyI0TCs IIPK 00S3aTeIbHOM CO-
GJIIO/IEHII aBTOPOM DTUKK M ITPABUJI I1yOarKarmu (Io/1-
pobHee Ha caiiTe KypHaIa: www.reanimatology.com).

— Pykonucu mybiukyorcss ¢ cobsrogeHneM
HOPM aBTOPCKOTO TIpaBa 1 KOH(MUIEHITNATBHOTO OTHO-
NIEHUS K TEPCOHATBHBIM TAHHBIM aBTOPOB.

— Pykormcu my6auKyoTest GeCIiaTHo.

— Pyxomucu, npuHATBIE B JKYPHAJ, TPOXOIAT
pelleH3upoBane Ha OPUTMHAJIBHOCTH, 3TUYHOCTD,
3HAYMMOCTD, aJIeKBATHOCTh CTATUCTUYECKOIl o6pa-
GOTKU JIAHHDIX HA YCJIOBUSIX KOH(MUIEHIMATBHOCTHU 32
MCKJIIOYeHUEM BBIABICHU GarbcruKaIy JaHHbIX.

— Pepxosuterus ocrasisieT 3a cob0ii IPaBo Co-
Kpalarb U pelakTUPOBATh PYKOIUCH.

TIpUYHHBI CHATHS C TIEYATH U 3aJIEPKKH Iy 6Jin-
Kalliy PYKOIIMCH

— Pyxommcn, He cooTBeTCTBYIONME TTPODUIIO
JKypHaJa, He TPUHUMAIOTCS.

— Pykomnucu, patee onyOIMKOBaHHbBIE, 8 TAKKE
HAlIpaBJIEHHbIE B JPYTOil KypHAI Win COOPHUK, HE
npuHuMaloTcs. VIckaoueHne coCTaBagIoT TIePEBOIbI
Ha PYCCKUM/aHTINNCKUAN SA3BIK OTAENbHBIX CTaTeH,
UMEIOIUX OOJIBIIOE MPAKTUYECKOE 3HAYEHUE ¥/ IIN
IIPEACTABJISIONMX 0COObII HAyYHbII MHTEPEC, OlIpeie-
JITEMBIii aKTYyaJIbHOCTBIO TEMATUKH, BLICOKUMH MH/IEK-
COM IIUTUPOBAHNUS, 3AIIPOCOM T10 KJIOUEBBIM CJIOBAM.

— 3a HekoppeKTHOoe o(opMmiieHHnEe U HEOCTO-
BEPHOCTD IIPEACTaB/IsIeMbIX OUOIMOrpadUIecKuX AaH-
HBIX aBTOPBI HECYT OTBETCTBEHHOCTH BILJIOTH [0
CHATUS PYKOIIHMCH C TIeYaTH.

— Hapymenune npasuit ohopmiieHrs pyKOITUCH,
HeCBOEBPEeMEeHHbIH, a TakKe Hea/leKBaTHbIN OTBeT Ha
3aMeYaHnsd PeleH3eHTOB U HAYYHBIX PEJAKTOPOB TIPH-
BOJISIT K 3a/IEPIKKe MyOJIMKAIUU JI0 UCTIPABJIEHMS YKa-
3aHHBIX HesocTaTKoB. [Ipu urnopupoBanny sameyanuii
PELEH3EHTOB U HAYYHBIX PETAKTOPOB PYKOITUCH CHIMA-
€TCA C IAJTBHENIIEr0 PaCCMOTPEHMS.

— Pykonucu oTKJIOHEHHBIX paboT pejakiiein
He BO3BPAIIAIOTCA.

HNurepecsl cropon: Aprop/Penakuus

Penaxiust ocrasisier 3a cOO0M IIPaBO CYUTATD, YTO:

— aBTOPBI, TIPEAOCTABUBIINE PYKOIUCH [IJIs
ny6saukaiuu B KypHasi «O01ast peaHuMaToJIOTHST»,
COTJIACHBI C YCIOBUSMU TTYOJIUKAIMHA U OTKJIOHEHST
PYKOIIKCH, a TaK)Ke ¢ TPaBUIaMu ee ohopmireHus.

— aBTOP, OTBETCTBEHHDBII 32 MEPEIUCKY C pe-
JIaKIIMel, BBIpakaeT MO3UIINIO BCETO aBTOPCKOTO KOJI-
JIEKTUBA.

Penaxiing v u3iatebcTBO He HECYT OTBETCTBEH-
HOCTH 32 MHEHUSsI, U3JIOJKEHHbIEe B MyOIUKAIUsIX, a
TaK’Ke 32 Co/lepyKaHue PeKJIaMbl.

TlapanTuu pegaxkuyun

JIio6bie PYKOTHCH, IOJTyYEeHHBIE PEJAKITUEN 1JIsT
pelleH3upoBanusi, OyAyT BOCIPUHIUMATHCSI KaK KOH-
(unennuanbubie fokyMeHTsI. OHU HE MOTYT OBITH 110-
Ka3aHbl J[PYTUM JUIAM U OOCYKIEHBI ¢ HUMH, 3a
HCKJIIOYEHUEM JINIL, YIIOJTHOMOUYEHHBIX Pe/laKIInei.

Heory6imkoBaHHbIE MATEPUAIIBI, HAXOJISIIITHECS
B IIPEIOCTABJIEHHON CTAaThe, He OY/IyT UCTIOIb30BaHDI
B COOCTBEHHOM UCCJIEJOBAHUN HAYYHOTO PEAAKTOPA U
pelleH3eHTOB (€3 MUCHMEHHOTO Pa3PEIIeHIsT ABTOPA.

PerienseHT He Oy/IET JAOMYIIEH K PACCMOTPEHHIO
PYKOITUCH, €CJI IMEET MeCTO KOH(IIMKT MHTEPECOB B
€r0 KOHKYPEHTHBIX, TAPTHEPCKUX JIUOO APYTUX OTHO-
[IEHUSIX ¢ KeM-JIn00 13 aBTOPOB, KOMITAHU MU OP-
raHW3aIUi, CBSI3aHHBIX C MATEPUAJIOM ITyOJIMKAIIUN.

ABTOPBI UMEIOT ITPABO MOJIYYHUTD IO 3AITPOCY UH-
(hopmaruio B Bujie 9JI€KTPOHHOTO TTHCHMA O TIO/TO-
TOBKe, O(GOPMJIEHUU U TPOJABUKEHUM PYKOIUCH:
journal or@mail.ru ; www.reanimatology.com. Astop,
OTBETCTBEHHBIN 3a MTEPEMUCKY ¢ pelaKinell, moayJdaeT
110 9JIEKTPOHHON TTOUTE TEKCTHI PeIleH3Ul; pelieHne
PEAKOJIIETHH O IyOJUKAIINU I OTKJIOHEHUH PYKO-
mucu ¢ 060CHOBAHUEM [TPUYUHBI; BEPCTKY OTPEIaKTH-
POBAaHHOTO BapuaHTa PYKONUCH A TMOJyYeHUS
ABTOPCKOTO COTJIACHSI HA TTyOJIMKALIUIO.

TapanTuu ABTopa

[IpenocraBiennas B peflakiinio PyKOIKCH TTOJ-
HOCTBIO OpUTHHAbHA. cob30BaHue JT00bIX MaTe-
pHUAJIOB, 3alUIIEHHBIX JUIEH3UEH OT HEeCAHKINO-
HUPOBAHHOTO BOCITPOU3BEICHUS, TOITYCKAETCS TOJIBKO
€ HUCbMEHHOTI0 paspelienns npaBoobagaresi(eil) u
pu 00513aTEJIbHO CChLIKE HA aBTOPOB.

Cmcok aBTOPOB COAEPIKUT TOJBKO TEX JINII, KO-
TOpbIE€ BHECJIM OIYTUMbIN BKJIAJ B KOHIIETIIUIO, TIPO-
€KT, UCITOJTHEHNE WJIM WHTEPIPETAINIO 3aBICHHON
paboThI, TO €CTh TeX JIUI], KOTOPble COOTBETCTBYIOT
KPUTEPHSIM aBTOPCTBA.

Pykormuch He coiep:KuT MaTepuasioB, 3aIpeleH-
HBIX B OTKPBITON IMevYaTu AEHCTBYIONIUM 3aKOHOA-
TesabcTBOM Poccun.

Koudmikr unrepecos cropon: ABrop/Penaxuus

Konduukr marepecos ctopon Asrop,/Penaxius
pelraeTcs Iy TeM IIeperoBopoB CTOPOH, B CJIydae Heype-
TYJIMPOBAHHBIX ITyTEM MIEPErOBOPOB PA3HOIJIACHI — B
COOTBETCTBUU C JEHCTBYIONUM 3aKOHO/IATEIbCTBOM
P® u mexayHaponHbiMu HOPMATUBHO-IIPABOBbIMU
AKTaMU, PEryJIUPYOIUMU TyOJUKAIIMIO PYKOITHCEH B
HAYYHO-TIPAKTUYECKUX MEAUIIMHCKIX JKypPHAJIAX.

www.reanimatology.com
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IlpaBsmnaa Aaa aBTOpOB

Coryacue Ha MyGJIUKAIUIO OTPEJAKTUPOBAHHO-
ro MaTepuasa BbIpakaeT aBTOP, OTBETCTBEHHBIN 3a
nepenucky ¢ pexpakimeil. Ilocae oznakomsienus c
BEPCTKOIl OH HAIIPaBJIET B PEIAKIINIO 3JIEKTPOHHOE
MIUCHMO TI0 OJTHOM U3 MTPE/CTaBICHHDBIX (hOPM:

1) ABTOpBI* COIIacHBI Ha IyOJUKAIMIO PYKO-
nucu™* B IIpe/ICTaBJIEHHOM BUJIE.

2) ABTOpBI* coryacHbl Ha MyOIUKALAIO PYKO-
nmucu™** mocJie BHECEHUS B BEPCTKY CJEMYIONUX Tpa-
BOK:... (lajiee cJe/lyeT TepeyeHb ¢ yKa3aHnueM HoMepa
CTPaHMIIBI TPAHOK BEPCTKM, HOMepa ab3zara, HoMepa
CTpoKM B ab3alle 1 caMoii TIPaBK).

*¥YKa3piBaeTcd BeCbh ABTOPCKHUI COCTaB.
YkaspiBaeTcs Ha3BaHUE PYKOIIHCH.

Cpox oTmoBeIIeHNs pelaKIK O TIPUHATOM aBTO-
pamu pemierun — He Gosiee 3-X aHE#d ¢ MOMEHTa
OTIIPABKH BEPCTKH aBTOPY, OTBETCTBEHHOMY 3a Tiepe-
MUICKY C pelaKInei.

Buumanue! Ha cragum BepcTkuM gomyckaercs
mpaBKa oMedyaTok, OMUOGOYHBIX 1HUdpP U CJIOB.
PenaktupoBanue matepuana (3aMeHa, UCKJIOYEHHE,
nobaBJIeHIE MTPETIOKEH I, aO3a1eB ¥ UILTIOCTPATHB-
HBIX 0J10kOB) He mnpuHumaercs. CyiecTBeHHbIE
M3MEHEHUS BEPCTKU NMPUBOJIAT K €€ YAOPOKAHUIO U
3a/IepsKKe BBIITYCKa B CBS3M € riepehopMaTUPOBAHNEM
U OGHOBJICHHEM TIePeBOJA TEKCTa Ha AHTJIMHCKUiT
A3bIK. B TakoM ciydae pelakiiis CHUMaeT MaTepual ¢
fneyaT U TEPEHOCUT ero myOJUKAINMIo B JPYroii
HOMEp B OTPEJIAKTUPOBAHHOM aBTOPaMU BUJIC.

Cpoxu npo/iBHKeHUs PyKOIIUCH

— OKCIIepTU3a Ha COOTBEeTCTBUE MPOhUIIO
JKypHaJa v npaBuiaaM odopmieHuss — He 6osee 3-x
pabounx AHEH ¢ MOMEHTA TOCTYIIJICHUS PYKOTIUCH B
PelaKIINIo.

— Penensuposanne — ne 6osee 20-u pabounx
JTHEH ¢ MOMEHTA 2JIEKTPOHHOU OTIPABKU PEIEH3EHTY
PYKOIIHMCH.

— OrtBer aBTopa pereHseHTaM — He 6osee 7-u
pabounx AHEH ¢ MOMEHTa 3JIEKTPOHHON OTIPABKH
ABTOPY PEICH3UN.

— 3aceanue PeIKOJJICTUM B OYHO-3a09HOM
dopme — 1 paz B 2 Mmecana (B sHBape, MapTe, Mae,
utoJie, ceHtsabpe u HOstOpe) He To3/Hee, YyeM 3a 1
MecsIT /10 BBITyCKa THpaka JKypHaJa.

OTnpaBka MaTepHaNOB IS My GAMKAIAH

Marepuansl s MyOIUKAIUU Ha PYCCKOM U
AHTJIMHCKOM $I3BIKAX CJIeAyeT HaIlpaBJsiTb B BUJE
9JIEKTPOHHBIX (DaliJIOB HA CAlIT XKypHAJIa: WWW.rean-
imatology.com, waum ToO aapecy pepaxIuu:
journal or@mail.ru. @opmar moamucu daiiaos:
(hamuus epBoro aBTopa, 0603HaUEHNE MaTEpHUaa
(TexcT, niToCTpanuu U Ap.), Aara (YUCI0, MECSII,
ron). [Ipu o6HOBIEHUN BepCcHil PYKOITUCH U ee TIPH-
JgoxeHui (Tabauiel, wamocTpanuu) B dopmare
noAnucy (HaisoB MEHSAETCS TOJBKO aTa.

&%

VsaHOE M1 EGHOE]pHC: METHOE BV 1ESHOE|PNE
TEKCT 1l TEKCT 154
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Buumanue! [losHOCTBIO aBTOMATU3UPOBAHHBII
1epeBO/I C PYCCKOTO $3blKa Ha AHTJIUHCKUI UMeeT
Huszkoe kadectso u He npununmaercs. HKO @Domnp
«Meuimna KpUTHYECKUX COCTOSIHUII» OKa3bIBaeT
cojlelicTBIE B TIEPEBOJIE MaTepUasioB st ybinKa-
1K C PYCCKOTO SI3bIKA HA aHTJIMHCKUM (CITPaBKH 1O
azpecy pepakiuu: journal _or@mail.ru).

Marepuan crareit Bkiiovyaetr: 1) TUTYJIbHBIN
JMCT 2) pe3ioMe U KJIOYeBble CJ0BA; 3) TIOJHBIN
TEKCT PYKOIHUCH C TIOJANUCAMHU BCEX aBTOPOB Ha
nmocjefHell CcTpaHuile, TOATBEPKAAOIUMU HUX
ABTOPCTBO U COIJIACHE C COlep:KaHueM PYKOMUCH
(TocyieiHsAss CTpaHUIIA TPENOCTABIACTCA B BUJEC
ckana); 4) Tabiuubl ¥ wLmocTpauuy (rpaduxu,
nuarpaMmmbl, (poTorpaduu, pUCYHKH U T. 11.) ¢ HOME-
pOM, Ha3BaHWEM ¥ TIpUMedanueM; 5) Gubauorpacu-
YeCKUH CIUCOK; 6) COMPOBOAUTEIHHOE TUCHMO.

(DOpMCl conpoeoaumeﬂbuozo nucoma:

[naBHOMY pemakTopy KypHaJa

«O611ast peaHuMaToNOT s>
3aciykeHHOMY nedTesio Hayku Poccun,
yieH-koppecrnongenty PAH, npodeccopy
B. B. Moposy

[Tpocum Bac pacecMoTpeTh BO3MOKHOCTD My6-
aukanuu ... (Bun pyxomucu; Damunuum, Umena,
OryecTBa BCEX aBTOPOB; Ha3BaHWE PYKOINCH) B
KypHase «O61ast peaHuMaToJOrust».

ABTOpPBI  PYKOIIMCH  O3HAKOMJEHBI  C
Wudopmarmeii st aBTopos sxkypraia «O61ast pea-
HUMATOJIOTUS» U COTJIACHDI C TPABUJIAMU TTOATOTOB-
KW, OJIaY¥ U TTyOJIUKAIIMYA PYKOTIUCH.

JlanHas pyKomuch He AyOIupyeT mpeblIy e
nyOJIVKAIMK, B HEH He 3aTparuBarOTCsS WHTEPECHI
TPETbUX CTOPOH W He HApPYyHIAIOTCS 3THUYECKUe
HOPMBI ITYOJIUKATIH.

OTBETCTBEHHBIN 32 MEPENUCKY C PelaKIue:
WNwms, OtuectBo, Damuius OZHOTO U3 aABTOPOB
pykormucH, e-mail, resedon.

[Hoamuics pyKOBOAMUTEIS YUPEKACHUA.

COHpOBO[[I/ITe]IbHOG IIUCbMO JOJIZKHO OBITD
HaleyaTano Ha OJlaHKe yupexaennsda, B KOTOPOM

BbITIOJIHEHAa pa60Ta.

anee cM. Ha caiite www.reanimatology.com.
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WHTenneKT Ha 3awuTe
300pPOBb4A

e polysan

MneHne a3pobHOro rnMkonmsa u
3bl B HEMpPOHax '

eINYEeHNI0 YCTONUYMBOCTN MembpaH
bHbIX K/IETOK K ULIEeMUN '

10 amnyn ™

TUBHOCTb MPU JIEUEHUUN UHCYNbTA,
roLeHTpoBom PKU* 2

b [JOKa3aTeNbHOCTY NOATBEPKAEH
MeTa-aHanm3a >

PEK/MAMA. PeructpaumonHbii Homep 003135/01 ot 23062016

" VIHCTPUKLMSI MO MPUMEHEHMIO NIeKAPCTBEHHOMO MPenapata ANs MeA LMHCKOro MpuMeHerIst LinTodnasmH®;
2 CA. PymsaHuesa c coasTopamu//HypHan Hesponorum v Mcuxvatpum, 8, 2015;

? M.B. MaauH ¢ coasTopamu//HypHan Hesponorim u Mcnxuatpum, 3, 2017.

*PK-paHaOMU3MPOBAHHOE KNMHWYECKOe UCCneaoBaHie WWWPO lg san.ru



